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NOTE BY THE TEANSLATOR.

This translation is made from the third edition of the original

Work, now in course of passing through the press. The present

Part includes all that had been printed at the time of the invest-

ment of Paris by the German army, and, in consequence of that

investment, it is published before the original is given to the

world.

Duchenne's great work on 'Localized Electrization' is not only

a well-nigh exhaustive treatise on the medical uses of electricity,

but it is also an elaborate exposition of the different diseases in

which electricity has proved to be of value as a therapeutical

and diagnostic agent. No similar treatise exists in the English

language : indeed the work is unique.

It has not been without hesitation that I have ventured to add

certain notes to the original. These additions have been made
with strict reference to the requirements of English medical prac-

titioners, and they have particularly in view to facilitate the

practice of medical electricity. In making them, I have been

guided partly by the large experience of the National Hospital

for the Paralysed and Epileptic, and partly by the observations

derived from private practice.

H. T.

10, Guilford Street, Bussell Square, W.O.,

December, 1870.
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ON

LOCALIZED ELECTRIZATION,

AND ITS APPLICATIONS IN PATHOLOGY

AND THERAPEUTICS.

Part L—METHODOLOGY.





LOCALIZED ELECTEIZATION.

CHAPTER I.

MEDICAL ELECTRICITY.

Three varieties of electricity are employed in medicine—friction

electricity, contact electricity, and induced electricity.^ The first

is also called static electricity; the last two are included under

the term dynamic electricity.

The first question.which suggests itself with regard to them, the

importance of which is self-evident, is as follows :—In their physio-

logical and therapeutical applications, when it is desired to limit

their action within certain organs, is it a matter of indifference

which of the three varieties is employed ? In other words, are the

physiological and therapeutical properties of the three varieties

identical ?

I have no intention to set forth the various and discordant

opinions which have prevailed upon this point. To do so would
be to enter into historical questions, which I am desirous as far as

possible to leave unnoticed. But I must observe that several

physicians, who have made a special study of the therapeutical

applications of electricity, have remarked certain differences

between the properties of the static and of the dynamic form.

Fabre Palaprat, for example, taught that static electricity was
chiefly applicable to paralysis of sensation, and to the excitation of

the muscles of relation ; whilst, on the contrary, contact electricity

was only adapted for the excitation of the muscles of organic life,

or of delicate organs, such as the eye, the ear, &c.

These statements have been reproduced in many special treatises,

although they did not rest upon any serious research ; and althouo-h,

as I shall presently demonstrate, they were not in harmony with
the physiological properties of the different forms of electricity.

It is therefore not surprising that they should have been neglected

[1 The two former varieties of electricity

are now commonly termed by physicists

franklinic electricity and voltaic electricity.

It is greatly to be desired that this ter-

minology should be adopted in works
devoted to the medical application of
electricity.

—

H. T.]

B 2



4 LOCALIZED ELECTRIZATION.

in practice. It would be wrong, however, to suppose that the

therapeutical action of electricity is always the same, whatever its

source. I make no claim to have entirely solved this difficult

question ; but I hope to establish that friction electricity, contact

electricity, and induced electricity possess special physiological

and therapeutical properties, and that each of them will fulfil

particular indications.

Part I.

STATIC ELECTKTCITY.

§ I.

—

FhysioJogical Properties.

The principal methods employed for the application of static

electricity are, as is well known, electrization by simple contact,

called the electric bath ; electrization by sparks ; and, lastly, elec-

trization by the Ijcyden jar. The other methods do not appear to

me sufficiently important to require discussion.

A.

—

Electro-positive and Negative Baths.

The electric bath has long been ranked among the most valuable

therapeutical agents. According to Giacomini,^ the positive form

is applied and acts in the following manner :
—" The patient, being

insulated, is placed in contact with the conductor of the electrical

machine. The whole surface of the body is thus electrified, while

the air which surrounds the body is rendered electro-negative.

The positive electricity by which the organism is charged is confined

to the surface, and probably accumulates in the skin, by virtue of

the law above-mentioned, for it has no effect upon any internal

organs. Neither the pulse, nor the secretions, nor the intellectual

functions, nor the respiration, undergo any particular change ; and
the accumulated electricity which constitutes the bath, escapes from

all points of the epidermis, from the hair, beard, and nails," &c.

Giacomini attributes a hyposthenic influence to the electro-

negative bath, which withdraws from the body a greater or

smaller quantity of its natural electricity. This is done by in-

sulating the patient, and by placing his body, and especially

the diseased part, in connection with the cushion or rubber of the

machine. The plate, being then turned, discharges vitreous

electricity in proportion as it has accumulated. It is evident,

according to Giacomini, that the electricity yielded by the cushion

is derived from the nerves of the patient, instead of from the

ground, as in the case of the positive bath.

- Cited in La Bihliotheque du M^decin Fraeticien. Paris, 1850. Vol. xiv. p. 90.



STATIC ELECTRICITY. 5

This electro-physiological theory has certainly not been founded

upon experiment ; for a healthy person, subjected to an electric

bath, either positive or negative, does not exhibit any symptoms of

an influence either excitant or hyposthenic.

B.

—

Sjparhs, and the Leyden Ja?-.

Whatever may be the forin of exciter that is brought into con-

nection with the conductor of an electric machine, and whatever
may be the distance that separates this exciter from the skin, the

electricity furnished by the machine in action will reunite with

that of the body at the epidermic surface, with a greater or less

degree of tension. A pointed exciter allows the electricity to escape

easily; with a knob the tension is greater and the sparks are

less frequent ; but each of these forms discharges itself by a single

spark. An exciter having a plane surface discharges itself by
several sparks at once (from two to five), if it be at a little distance

from the skin.

A metallic brush acts, in this respect, like a plane surface

:

that is, it gives off only two or three sparks at a time, whatever

the number of threads of which it is composed.^

Static electricity applied by the exciter—of which the several

actions have just been described—produces always the same sensa-

tions, differing only in their degree. These sensations may be

compared to those produced by the impact of a small substance

striking upon the skin. They are always disagreeable, however
weak the electric tension. The feeling is never very acute, nor

like that of a burn, or a puncture, whatever form of exciter may
be employed. After a time the skin reddens and becomes more
sensitive. To render the discharge more painful, it is necessary

to employ a degree of tension that can only be obtained by a

Leyden jar of modei'ate size, sufficiently charged ; but then the

excitation will be no longer limited to the skin, and will produce

the effects to be described hereafter.

Under weak tension, the action of static electricity can always

' A brush of badger's hair has been determine a current of air to the surface
used as an exciter ; and this, being in of the brush. It is this current, analogous
connection with an electric machine, and to that which is formed at the surface of

being hekl at a short distance from the the plate of an electric machine in move-
skin, occasions a sensation of coolness meut, which causes the sensation of cool-

and a very slight pricking. Such a ness produced by tlie vicinity of the
brush, itself a bad conductor, is charged electritied brush of badger's hair. It is

with positive electricity, the excess of
j

evident that this method of electrization

which escapes from the extremities of the
[
is illusor}' ; since the natural electricity

hairs, to unite with the electricity of
j

of the body rmdergoes no appreciable in-

the surrounding air. The effect is a series fluence.

of rai)id and successive re-unions wliicli
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be limited to the skin. Sucli is the tension obtained from an

electric machine of medium power: which is hardly enough to

produce contraction of the superficial muscles, especially if the

cellular tissue be rather abundant ; and, if produced, the contrac-

tions will be incomplete.

Although it is possible to confine the action of static electricity

to the skin, it is not possible to concentrate its power upon the

muscular tissue or upon the sub-cutaneous nerves. In fact, the

superficial action of this form of electricity is inseparable from

its deep action. In the latter the electric recomposition is still

effected at the epidermic surface, and produces a cutaneous sensa-

tion that obscures the muscular.

The tension obtained by means of a Leyden jar enables the

current to penetrate through a considerable thickness of tissue.

Thus the current from the jar is sufficient to produce energetic

muscular contraction ; but however feeble may be the tension, so

long as it can be measured by Lane's electrometer, it always

produces a shock, that is to say, a contraction and a sensation

which extends beyond the point excited, and which is felt most

acutely in the nervous centres.

If the exciter be placed over a nervous trunk, the sensation is

like that produced by a severe contusion of the nerve, and is fol-

lowed by a numbness that extends almost to the ultimate rami-

fications. With a sufficient degree of tension, acting either upon

a nerve or upon muscular tissue, the shock is so strong that

the whole limb, or even the whole body, seems as if struck by

lightning.

At the spot at which a Leyden jar is discharged, the skin

ffraduallv loses colour over an area of two or three centimetres in
to •'

radius, and becomes of a dull white in a few seconds. The ner-

vous papillae stand erect upon the blanched surface, which is also

somewhat lowered in temperature. The person on whom the

experiment is tried sometimes experiences a feeling of numbness.

Analogous phenomena appear to take place in the muscular tissue

subjacent to the portion of skin that is acted upon. I have had

occasion to make an electric discharge upon the surface of a

denuded muscle, and this muscle lost somewhat of its colour, over

a small space, for some time. The cutaneous local phenomena

last generally from twenty to thirty minutes ; and once, in a

delicate person, I saw them continue for three-quarters of an hour.

After this time, the blanched spot passes, in a few minutes, from a

dull white to an erythematous redness, and undergoes an elevation

of temperature appreciable by the thermometer, and sometimes by

the sensations of the patient.
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It is universally known that the discharges of static electricity-

are very small in quantity ; and that for this reason their calorific

and electrolytic effects are feeble.

Finally, the exciting action of the negative pole is greater than

that of the positive, as is also observed in galvanic electricity.*

The organic phenomena just described appear to me to establish :

(1) that the discharge of a Leyden jar produces at first, locally, a

profound torpor, by suspending, for a time, the capillary circula-

tion, and by diminishing the calorification in the tissues upon
which it acts

; (2) that the excitement produced by this method

of electrization is only a kind of reaction, as shewn by the erythe-

matous redness, and by the augmentation of temperature in the

parts formerly bleached
; (3) that the reaction is established with

different degrees of facility.

§ II.

—

TJieraj^eutical Properties.

The electro-positive bath, formerly used as a general excitant of

the surface of the body, is now commonly abandoned, its therapeu-

tical being as little discoverable as its physiological action.

It is not the same, it is said, with the electro-negative bath,

which is ranked by the Italian school among their most valuable

hyposthenisants. According to Giacomini, the patient subjected

to this bath is de-electrized, is consequently deprived of a greater

or less quantity of a stimulant analogous to heat, and undergoes a

real hyposthenisant effect. Erysipelatous tissues may be seen to

become blanched under its influence ; and chronic inflammations

undergo an unquestionable improvement. Headaches, and neu-

ralgic pains, have been instantly relieved by this kind of electric

flux, as by the application of ice, which abstracts heat, and perhaps,

at the same time, electricity also. Such are the virtues attributed

to the electro-negative bath.

This notion of an electric flux may impress the imagination

;

but it is difficult to believe that the hyposthenic effect is less

doubtful than the excitant property once attributed to the positive

bath. It would, however, be wrong to condemn a therapeutic

agent solely on the ground of the nullity of its physiological action,

especially when it is supported by an authority so great as that of

Giacomini. It is therefore necessary to determine by fresh trials

what is the actual value of the electro-negative bath.

* This important fact was discovered
]

sioJogiqttes produits par I' electricity U-ans-

by M. Cliauveau, the Director of the
|

mise dans I'organisme animal a l'(ftat de

anatomical and physiological courses at I
courant instantan^, et a I'e'tat de courant

the Imperial Veterinary School at I^yons. continu.'

ISee his memoir :
' Theorie des effets phy-
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Electrization by sparks produces a sensation analogous to that

of whipping, and appears principally adapted for cases in which

it is necessary slightly to stimulate the skin ; although it would

be insufficient if very active stimulation were desired. In fact,

to obtain such active stimulation, it would be necessary to have

recourse to static electricity of high tension, such as would be
furnished by the Leyden jar, and which would also produce such

muscular contractions and general shock as to complicate the

action upon the skin, and to contra-indicate the employment
of the agent. Electrization by sparks is, therefore, useless in

cases of profound and obstinate anaesthesia, or where it is wished

to produce an instantaneous revulsion, such, as would be effected

by the actual cautery.

Electrization by sparks, even wben they are yielded by a
powerful machine, and by spherical exciters, is only able to produce

contraction of some superficial or very excitable muscles, such as

the platysma, the upper half of the sterno-mastoid, the margin
of the trapezius, and some muscles of the face. In order that

static electricity may affect the muscles generally, especially

when they are covered by an abundance of cellular tissue, it would
be necessary to employ a high tension by means of a Leyden jar.

But the resulting shock, which would possibly extend to the

nervous centres, would render such an operation dangerous or

impracticable.

The knowledge of the local organic changes produced by the

discharge of a Leyden jar enables us better to appreciate the thera-

peutic action. It has been already shewn that an organ so elec-

trified only undergoes excitation after having suffered, for some
time, from all the effects of torpor. It is easy to conceive that if

any organ were exposed to discharges too frequent or too powerful,

or if its vitality were already depressed, the stage of electric torpor

might be indefinitely prolonged.

However favourable may be the conditions under which it is

attempted to practise muscular electrization by the Leyden jar, it

will always be imprudent to expose tlie patient to many discharges.

Hence it would be impossible to electrify all the muscles in cases of

paralysis of one or more of the limbs.

Moreover, the operation is always painful ; since the cutaneous

excitation inseparable from the use of static electricity increases in

proportion to the increase of tension.

It appears, then, on the whole, that the excitation of muscles by
static electricity ought generally to be excluded from practice, and
the more so since it may be replaced by another electric agent,

which will be described in the third section (induced electricity)

;
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and which excites muscular contractility and sensibility in a more

energetic and effectual manner than the former, without any of

the inconveniences that I have described. I purpose to point out

in the sequel the cases in which its employment will be useful or

necessary.

It is, however, incontestable that static electricity, which for

many years was used exclusively in medical practice, has wrought

some cures seemingly marvellous. These results shew only that

certain paralyses are always cured by electricity, in whatever form

and manner it may be employed. Unfortunately, these cases have

been so rare that this mode of using electricity has not borne the

test of time, and has been many times laid aside by physicians

after having been taken up with some degree of enthusiasm.

[Friction electricity is used somewhat largely at the National Hospital
for the Paralysed and Epileptic. It has been found in the practice of this

Hospital, and in private cases coming iinder my own observation, of consider-

able value in the treatment of the following affections :

—

(a) Facial Neuralgia, which has resisted other modes of treatment, is

occasionally relieved with rapidity, and permanently, by drawing sparks
along the tracks of the affected branch or branches of the trifacial nerve.

Occasionally also, but less commonly, electrization by sparks has partially or

altogether relieved obstinate sciatica.

(b) Facial Spasm.—A remarkable instance of the effect of electrization by
sparks in reUeving facial spasm (tic convuhif) occurred in the case of a
hospital patient under the care of Dr. Eadcliffe. The patient was a female

forty-eight years of age, and she had suffered for thirteen years from spasm of

the muscles of the left side of the face. The distortion produced by the

spasm was very great, and was apt to be so much exaggerated by slight

emotion, even such as would be caused by having to address a stranger, as to

make speaking difficult, and to prevent projjer attention to her occupation as

a small shopkeeper. Dr. Eadcliife directed an experimental trial of electriza-

tion by sparks along the lines of the nerves distributed to the affected

muscles. After the third application the spasm was manifestly relieved, the
distortion being diminished, and the consecutive paroxysms occurring less

frequently. By persisting with this treatment thrice weekly over a period of

two months so great an amoimt of relief was obtained that little distortion

of the face remained, and the patient was able to pursue her business with
comfort.

(c) Hysterical Aphonia.—Electrization by sparks over the larynx has
proved in the practice of the hosi^ital so effective in the relief of cases of

emotional aphonia, even those of long standing, that it is now almost
invariably used in the treatment of these cases before having recourse to

induced electricity. In six or seven recent cases, electrization by sparks

repeated twice or thrice effected a complete cure. One of these cases was of

nine, another of six months' di;ration. The remainder had lasted from four

weeks to three months. The seventh case did not receive any benefit from
the use of static electricity, and the other forms of the agent proved equally

ineffective. The case recovered slowly under general treatment.

(d) Hysterical Jty2^erctsthesia.—Electrization by sparks over the affected

spot has often proved of great benefit in removing the localized excessive

sensitiveness not unfrequently found in hysterical cases, particularly in the

spinal region.

(f) Tremor, whether general or local, is sometimes largely relieved by
insulating the patient, and charging him with positive electricity for a
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period of from twenty minutes to half an hour. For an examination of the

probable influence of friction electricity in the treatment of painful and
spasmodic affections consult Dr. Eadcliffe's ' Lectures on Epileptic, Spasmodic,

Neuralgic, and Paralytic Disorders of the Nervous System.'

—

U. T.'\

Part II.

CONTACT ELECTRICITY (GALVANTSM).

The term dynamic electricity, that is to say, electricity in motion,

has been used to denote the electricity produced by contact

{galvanism), and the electricity caused by induction. This form,

obtained from voltaic piles, or from an electro-magnetic apparatus,

possesses physiological and therapeutical properties essentially

different from those of static electricity.

The most important property of dynamic electricity, regarded

from a physiological or therapeutical point of view, is that by

which its action can be directed to, and limited within, almost any

organ of the body. It is shown, indeed, by my experiments, that

we may at pleasure confine this agent to the skin, or may cause it

to penetrate the skin, without puncture or incision, and may limit

its action to the subjacent organs, the nerves, the muscles, or even

the bones. Of this I shall give evidence in the sequel.

The cutaneous sensation produced by dynamic electricity may
range from a simple titillation to the most acute pain. The exci-

tation thus produced may always, by the use of special means,

be confined entirely to the skin, whatever be the power of the

current.

The same electro-dynamic force, directed upon a muscle, or

upon a nerve-trunk, has power to produce the most energetic

muscular contraction, without any of the general shock that charac-

terises the action of static electricity, and that usually forbids its

employment.

Such are the principal effects to be obtained from dynamic elec-

tricity, which includes contact electricity {galvanism) and induced

electricity.

But each of these forms of dynamic electricity possesses special

properties, physical, chemical, and physiological, such as to prevent

them from being employed indifferently in practice. These special

properties may even fulfil certain determinate indications, and they

therefore require to be separately considered.

§ I.

—

Physiological Projoerties.

Quantity and tension being equal, every form of electro-motor
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apparatus of contact has the same physiological properties, what-

ever may be the nature of the elements composing it.^

The ajDparatus can be constructed so as to furnish electricity in

greater quantity, or of higher tension, according to the effects that

it is desired to obtain ; but whatever is done, the different effects

are produced simultaneously, and cannot be completely isolated

from one another.

The intermittent galvanic current exerts a triple physiological

action at each intermission : one at the moment of completing the

current, a second at the moment of breaking it, a third during

the interval between these acts. The physiological action produced

at the instant of interrupting the circuit is weaker than that at the

instant of completing it. Tims, with a pile of thirty pairs of Bun-
sen's elements, muscular contraction is not produced, in the human
subject, by interrupting the current ; even when moist rheophores

are applied over a portion of skin corresponding to the surface of a

muscle : but by the same procedure, the electro-physiological effect

is very manifest at the completion of the current. The power of

the interruption increases, however, in proportion to the number
of elements in the battery. It appears to me that a Bunsen's

pile of 120 pairs produces at the moment of interruption a con-

traction about equal to that produced by a pile of twenty pairs

at the moment of completion.

The physiological action produced in the period between the

completion and the interruption of the current is more manifest

the longer this period is prolonged. The current passing during the

period is called continuous.

Galvanic electricity can be applied either by continuous or by

interrupted currents.

The continuous current, limited to the skin, excites, besides the

phenomena of sensibility above described, an organic effect more
or less considerable, from a simple erythema to the production of

an eschar. This organic effect, due to the calorific and electro-

lytic action of galvanism, is produced but gradually ; at least if the

battery employed be not very powerful.

A constant and very intense continuous current, traversing a

limb longitudinally, appears only to produce fibrillar and oscillatory

or irregular contractions ;—provided that the current was feeble at

the moment of its completion, and was then rapidly raised to its

maximum. Such, at least, was the result of a trial made upon my-
self with a pile of 120 pairs of Bunsen's elements. The continuous

* The quantity of electricity furnished I surface of the elements. The tension ia

l>y a pile is in direct proportion to the
|
in proportion to their number.
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current also produces phenomena of calorification in the deepest

parts of the organism. Tlie sensation that I experienced was such

as might be produced by the circulation of a hot fluid in the limb

galvanized. After a certain time, a deep continuous current pro-

duces a sensation of heat that becomes insupportable ; but I have

not found that the limb is actually raised in temperature.'' By

^ When I first recorded this experiment,
I committed the error of not describing

the manner in which it was performed ;

and as it has api^eared to some to be diffi-

cult, if not impossible, I now detail the
circumstances :— At the time wlieu M.
Despretz, Member of the Institute of

France, conducted at the Sorbonne his

beautiful researches into the simplicity

of the elementary bodies, I found in liis

laboratory a Bunsen's pile of 120 elements
of the ordinary size, and with the carbon
in the middle. It was with this pile that

I worked. It is probable tliat it no longer

possessed its full power ; since it had been
a long time in action, and had been used
for numerous experiments. Still its power
was such that, on grasping in each hand
a metallic rheophore, covered with leather

thoroughly wetted, I found it difficult

to support the shock caused by the
comph-tion of a current of from forty to

fifty elements. In order not to expose
myself to the shock of the action of 120
elements, I opposed to the passage of tlie

current the resistance of a column of dis-

tilled water, ten centimetres in length, by
jdacing in the circuit a tube filled with
tlie water ; such as will be described here-
after (Chap. IV.) under the name of a
moderating tube. After having received

the shock of the compktionof the current,

which was thus greatly weakened, I

gradually increased its power, by dimi-
nishing the distance that it had to pass

througli water, until tiie continuous cur-

rent reached me in its full force. I was
surprised to find that I could bear this

current long enough to efiect the ex-

periment of which I have recorded the
results. My skin remained unchanged,
because my hands and the rheojihores

were freely wetted, because the epiilermis

of the palm of the hand is tliick, and
because the experiment was only of short

duration. The skin of other parts of the
body, if exposed to such a current, would
doubtless have been burnt more or less

deeply, and would have suflered intoler-

able pain. Tlie method pursued had the

advantage, by avoiding cutaneous pain,

of rendering it possible to analyse the
deeper sensations caused by the passage
of such a current in a longitudinal direc-

tion through the nerves and muscles of

the upper extremities. I was unable to

continue the experiment witli the pile of

120 couples longer than from thirty to

forty seconds ; although I could bear tlie

current from 20 or 30 couples for from ten

to twenty minutes. Subsequontlj' I tried

experiments with a pile of 40 elements of

protosulphate of mercury, such as I shall

describe shortly (one of tliese elements is

nearly equivalent to two of Daniell's). I

immersed each of my hands in a basiu

placed in communication with one of the
electrodes ; and in this way allowed the

continuous current to pass for nearly ten

minutes. I could have borne it for a much
longer time. The first time that I pvo-

' ceeded in this way, I felt, after two
minutes of the continuous current, a kind
of fibrillar oscillatory contraction in the
flexors of the thumb ami fingers. A sen-

sation of somewhat painful stift'ness, in

[
the same regions, led me to infer the
existence of a continued spasm, altliough

I could not prove this by the movements
of the tliuml) and fingers. The operation

was followed by a feeling of fatigue in the

arms. On tlie day following, the same
experiment, performed in the same man-
ner and under similar conditions, yielded

an almost identical result. The feeling

of fatigue that I experienced in the an-

terior regions of the forearms and arms,

if not exactly painful was at least very

uncomfortable. I have repeated the ex-

periment very often upon myself, and also

upon otlier persons ; and I have always
observed, during the passage of tlie con-

tinuous cm-rent, sometimes the fibrillar

c/mtractions, sometimes only the sensa-
i tiou of stiffness in the muscles of the

forearm, or of the arm, but in an irregular

manner. A similar trial made with the

lower extremities by placing the feet in

basins connected with the poles of the

pile, produced only numbness and fatigue

;

I have sometimes seen fibrillar con-

tractions. Each exi^eriment commonly
lasted from ten to twenty minutes. (I

shall return to this subject in the third

chapter.)

I ought to add that, in all my experi-

ments made upon either the superior or

inferior extremities, by plunging the hands

or feet in basins of water connected with

the pile, sensations of piicking were felt
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diminishing the number of pairs of elements, the phenomena above

described diminish ; and, when there are only fifteen or twenty-

couples, they become at last inappreciable.

Is the continuous current really an hyposthenisant of nervous

force ? If we may apply to mankind the results obtained by vivi-

section, the reply should be in the affirmative. We know, in fact,

that a continuous current, passed for a certain time through the

nerves or the limbs of an animal, not only diminishes the motor

power, but even produces paralysis. I shall shew in the sequel, by
the results of experiments, that this kind of hyposthenisant action

is not ajapreciable in man. (See Chap. III.) With regard to the

action of the continuous current upon sensation, although after a

certain time it produces numbness of the limb through which it

passes, I do not believe that it can be considered as an hypos-

thenisant of the nervous system, or, in other words, as an
ansesthetic.

The sensibility of the skin appears to me to be more acutely

excited by a galvanic current of rapid intermission than by a

continuous curi'ent; although the opposite holds good for their

organic action. Thus the continuous current produces a more
rapid erythema, vesication, or destruction of the skin. The erection

of the nervous papillae, and the disorganization of the tissues,

should be ascribed to the action of the continuous current ; and
are effects to which the periods of completion and of interruption

contribute but very feebly. It is for this reason, doubtless, that

the rapidly intermittent current disorganizes the skin much less

than the continuous current. But, inasmuch as it is impossible

to avoid the continuous action that takes place between the com-
mencement and conclusion of each intermittence, so it is impossible

to excite the skin galvanically without the production of more
or less organic change. The calorific action of the negative (zinc)

pole is greater than that of the positive (copper or carbon pole).'''

Of all the varieties of electricity, it is the galvanic that acts most
powerfully upon the retina, when applied to the face by means of

moist rheophores. A galvanic current directed upon the nerves

of the fifth pair, or even upon their ultimate ramifications, exerts

a special action upon the retina
;
producing three luminous sensa-

in the skin of the back of the hands or
|

importance of this point.) Lastly the sen-

feet respectively. These sensations pro- sibility was always most strongly excited

gressively increased, and were soon re- in the part or limb that was placed in

placed by one analogous to that produced connection with the negative pole,

by the action of a strong sinapism. There i ' It has long been known that the
was, however, no vesication, even although

,

other chemical (electrolytic) and phy-
the current was continued for half an hour.

,
siological phenomena are more pronounced

(I shall refer hereafter to the practical at the zinc pole.

M
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tions {iihosphenes) at eacli intermission. These sensations are felt,

the first and most powerful, at the completion of the circuit ; the

second, much less powerful, at its interruption ; and the third, so

feeble as only to be perceptible in the dark, in the interval between

the two former. To whatever point of the face, or hairy scalp, the

moist galvanic rheophores are ajjplied, they always produce a suc-

cession of luminous sensations of a very dazzling kind, even with

an extremely weak current—provided that the region excited is

supplied by the fifth pair. The luminous sensation only affects

the retina on the same side as the galvanic excitation ; and it be-

comes larger and more brilliant as the exciters are brought nearer

I to the median line. Lastly, the light is perceived on each side,

J when tlie galvanic excitei'S are placed on the median line, where

the ramifications of the fifth pair of each side appear to be blended

together. We may even produce the electric phosphene by

galvanizing the chorda tympani ; but I have not been able to

do this with induced electricity. (I shall return to this subject

at a convenient opportunity.) The knowledge of this special

property of galvanism, which is only found in a degree infinitely

less developed in other kinds of electricity, is of the highest

importance in medicine, as the sequel will shew.

It is, however, on the contractility of muscle that the inter-

mittent galvanic current displays a physiological power infinitely

greater than the continuous current.

The galvanization of muscle by intermissions excites more acute

sensations than the electrization by induced currents.

What is the action of continuous currents upon the vascular

nerves? I shall return to this important question in the third

chapter, which is devoted to a critical examination of the different

methods of electrization, and in which, after having tested com-

paratively the therapeutical action of continuous currents in the

treatment of atrophic paralysis and of atrophy, I shall have to

inquire whether the beneficial results obtained by the different

kinds of electricity can be explained on physiological grounds

;

or, in other words, whether we have any accurate knowledge of

their action upon the circulation and upon the vascular or trophic

nerves.

rJ" § II.

—

Therajjeutical Properties.

The galvanic excitation, which, when confined to the skin, may
produce there, besides very acute sensation, a considerable organic

effect, such as erythema, or vesication, or even an eschar, fulfils

certain special indications. It is adapted, for example, to the

cases in which it is desired to obtain at once an acute immediate
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action and a durable effect, analogous to that of the moxa, or

of cauterization by hot iron.

M. Matteuci/ drawing therapeutic deductions from his vivisec-

tions, has advised the employment of a continuous ascending

current in tetanus, as an hyposthenisant of the nervous system. He
says it is natural to suppose that the passage of a continuous cur-

rent along a tetanized limb would destroy that state by producing

paralysis. In support of his theory, this celebrated physicist cites

a case in which tetanus was cured by the influence of the con-

tinuous current. The fact is important; but it requires to be

confirmed by further experience. He has also endeavoured to

establish, on electro-physiological data, a method of galvanization

by continuous currents, for the treatment of paralyses of sensation

and of motion. I purpose to examine the value of these electro-

therapeutic deductions in the third chapter, which is devoted to a

critical notice of the different methods of electrization.

The galvanization of muscles by intermittent currents may
certainly be employed with advantage in the treatment of paralyses

of movement, and of muscular atrophy ; but the inconveniences

inherent in this method of electrization (its calorific action and the

size and unwieldiness of the necessary apparatus) render the

method by induction generally preferable.

The chemical properties of electricity by contact may be advan-

tageously applied in therapeutics. We know, for instance, how
happily they have been utilized by surgeons for the coagulation of

the blood within aneurismal sacs.^

What is the therapeutic value of continuous currents in atrophy

and atrophic paralysis? I shall return to this question in the

third chapter.

Galvanization of the skin is not applicable to the treatment of

cutaneous anaesthesia, because it produces vesications and eschars.

But the calorific action of galvanism may sometimes be employed

with benefit in surgery, in the destruction of certain tumours, and

in the cauterization of wounds, either used as an actual cautery in

* Traite des Phenomenes Electro-Phy-
i
much as possible.

siolocfique^ des Animaux. Paris, 1814. The positive pole of the pile exerts a
^ Although this application of galvanic ! coagulating action ; while the negative

electricity to the treatment of aneurisms
has been for some time abandoned, it is

not impossible that it may one day be
revived with some success. I think it

will first be necessary to examine what
conditions of size of surface and number

pole, on the contrary, acts as a solvent.

The idea has been entertained of applying
this special property of the positive pole
to the treatment of certain fibro-plastic

deposits which form between the laminae
of the cornea. The first attempts of this

of elements should be combined, in order kind appear to have been crowned with
to obtain considerable electrolytic action,

! success,

while the calorific action is masked as
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the manner of Middeldorf, or to produce electrolysis, as by MM.
Nekton and Ciniselli.'

By reason of its power to excite the retina, galvanism should

be applied to the face with great circumspection. The luminous

sensation produced by it is so dazzling that it may injure the sight

if the application is too prolonged, the intermissions too rapid, or

the current too intense. The following case is an example :

—

Case I.— For about a month I had electrified a patient, .suffering from
paralysis of the muscles of one side of the face, with my electro-dynamic

apparatus (an induction apparatus with battery). Improvement was

' It was in France that the calorific

action of galvanism was first employed as

a means of canterization. Kecamier and
Pravaz, in 1841, attempted to destroy

cancers of the neck of the uterus hy a

galvanic current. In 1850 M. Ne'laton

also made some very felicitous api^licatious

of the calorific properties of galvanism

;

and was ably seconded by BI. Jules

Eegnauld, then chief physician in his

clinique, who contrived a galvanic battery

of small size, easy application, and great

heating power (Gaz. des Hopitaux, 1852).

M. Nelaton thought that this method of

cauterization might be employed with

advantage in cases where the diseased

part was deeply situated—as in the

pliarynx, for example. After him M.
Alpli. Amussut, and in Germany, Dr.

Middeldorf, of Breslau, have employed,

in analogous cases, the cauterizing power

of galvanic currents, with no less success

than ]M. Ne'laton.

The electrolytic action of galvanic cur-

rents has also been applied with good

results to the destruction of certain

tumours. Humphry Davy, in 1807, was

the first to show" the power of elec-

tricity to produce decomposition of the

body, by means of the following experi-

ment. He subjected a morsel of muscular

fibre to the action of a pile of 150 pairs

for five days. The fibre hardened and
dried rapidly ; and, when incinerated, it

left no trace of saline residue. The
potash, soda, and ammonia had gone over

to the negative pole; the three mineral

acids and the phosphoric acid to the

positive pole. Davy obtained similar

results by subjecting to the action of the

battery living bodies and the leaves of

plants. Matteuci has also shewn the

action of the pile upon living animal

substances. In the writings of Crusel

we find the fundamental principles of

the electrolytic method. In 1841 he
published his first work,— {Sur le cjol-

vanisme comme moyen curatif chimique

cnntre leu mnlndies locales), and since

then, up to 1819, he sent a succession
of memohs and papers to the Academy of

Sciences, in which he first called the
method the electrolytic treatment. The
Academy, when solicited to make a report,

declared that " these comnumications, in

the opinion of the commission appointed
to examine them, do not seem sufficiently

developed to allow of a judgment being
formed upon the method." The essays

fell into oblivion ; and the author himself
abandoned the j^ractice in order to return

to the galvanic cautery, for whicii he has
since substituted a hydrogen fiame for the

destruction of tumours. In 1860, Cini-

selli recalled attention to the researches

of Crusel upon the electrolytic or decom-
posing properties of galvanism as applied
to the destruction of morbid growths, and
made a communication ujtou the subject

to the Surgical Society of Paris, from
which I have taken the following extract

:

" My first attempts at electro-puncture

have led me to the axiom that, in apply-

ing electric currents to the tissues, it is

not always by the calorific action that

scars are produced. They are formed
also, even frequently, when there is no
appreciable elevation of the temperature
of the conductors." In 1862, M. Ciniselli,

in a new work, proved that the tissue

changes produced by electric currents are

analogous to those produced by potential

caustics. In July 1864, M. Ne'laton had
the merit to be the first to popularize elec-

trolysis in France.— (Nelaton, Comptes
rendus de I'Acad. des Sciences, 1864). He
published a most interesting account of

the destruction of a naso- pharyngeal
polypus by the electrolytic method. I
need not farther continue this history

;

and will only add tliat M. Ciniselli em-
25loyed a columnar Voltaic pile, composed
of from 20 to 40 or more elements ; and
M. Nelaton a Bunsen's battery of nine
elements, each sixteen centimetres in

height by eight in width, and of high
tension.
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gradually produced. The exciters were applied daily to the paralyzed
muscles without inconvenience, although the apparatus was of considerable

power. The sight was never in any way affected; and the patient never
perceived any luminous appearance during the operation. One day, the

inventor of a new galvanic apparatus applied to me to make trial of his

machine. Not being then aware of any facts that shewed the necessity for

caution, I directed the current of this machine, at its weakest, upon the

paralysed muscles, which contracted, but much less strongly than they
ordinarily did under the use of the induction apparatus. At the same
moment the patient saw a considerable light in the eye of the corresponding
side. He called out, "Your room seems all on fire!" He begged of me
that I would desist from making the application. On recovering from the

dazzling he complained of much obscuration of the sight ; and could not see

towards the side on which the galvanism had been applied. The other eye
did not suffer. I ordered him an immediate footbath, and a blood-letting on
his return home. The sight did not improve ; and, notwithstanding the use
of various stimulants and of an appropriate treatment, only very slight

amendment was obtained.

It is to this accident that I owe the discovery of an action of

galvanism on the retina, far more powerful than that of induced

electricity : a discovery which led me, in its turn, to researches

into the different properties of the various kinds of electricity

with regard to the production of phosphenes.

This unfortunate circumstance, not possible to have been fore-

seen, ought not to be lost to science. It furnishes therapeutic

applications that are of great importance to the sick ; shewing that

induced electricity, furnished by an electro-dynamic apparatus

even of great power, has no sensible action upon the retina, wliile

galvanism, even in a very feeble dose, energetically influences that

organ. It is therefore legitimate to hope that the judicious

employment of the electricity of contact may produce therapeutic

effects that will be useful in the purely nervous affections of the

eye. Such expectations have been confirmed by experience.

To sum up— 1. Galvanic electricity acts strongly upon the

retina, when the excitation is directed upon parts in which the

fifth nerve ramifies. 2. This kind of electricity may be an useful

therapeutic agent in purely dynamic affections of the sight. 3.

On the contrary, induced electricity, yielded by an electro-dynamic

apparatus, acts very feebly upon the retina. 4. But, for the

reason that induced electricity is insufficient when it is necessary

to stimulate the retina, it is exclusively adapted for the cases in

which it is wished to stimulate the facial muscles, without exposing

the retina itself to the perils of over-stimulation.

Part III.

INDUCED ELECTRICITY.

Although it forms no part of my present plan to explain the

principles that govern the development of induced currents (prin-

c
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ciples that may be found in any treatise upon physics), I think it

necessary to state certain general considerations, which must be

kept in mind by all who use this kind of electricity in electro-

physiological experiments, or in the science or practice of medicine.

Addressing myself to a medical public, generally but little con-

versant with the technicalities of treatises on physics, I shall

avoid the use of these technicalities ; and, in order to be intel-

ligible to all readers, shall express myself as much as possible in

ordinary terms.

The different forms of induction apparatus derive their force, as

is well known, either from a galvanic pile, or from an artificial

magnet. The former are called electro-dynamic, the latter electro-

magnetic instruments. Both are composed of a wire of copper,

covered with silk, of variable length and thickness, rolled in tight

spirals so as to form a coil, in the centre of which is placed either

a bar of soft iron or a magnet. In most of the electro-dynamic

instruments a second copper wire, finer and longer than the first,

is rolled around it so as to form a second coil. The ordinary

electro-magnetic apparatus has only a single wire, rolled around

an electro-magnet, or around each arm of a magnet.

It is also well known that, to obtain the action of an electro-

dynamic instrument with two coils, we complete the communica-

tion between the extremitic^s of a circuit formed by an electro-motor

and by the wire rolled round the central bar of soft iron (the wire

of the primary coil). At the instant when this circuit is completed,

a change is wrought in the electric state of the wire, and also of

the soft iron—which latter becomes for tlie time a magnet. If the

circuit be opened, a new electric and magnetic change is produced

;

the natural electricity of the wire returns to it's normal state, and

the iron loses its magnetism. It is only at the moments when
these changes are produced that the phenomena of induction are

manifested in the primary coil, by the material influence of the

spirals and of the temporary magnet upon the spirals themselves
;

so that no electro-physiological phenomena are observed in the

intervals. (The current produced under these conditions is called

the extra-current). If we place in the circuit a living contractile

organ, the muscle of a frog for example, at the moment when the

circuit is completed the muscle contracts, and then returns to its

state of repose. If, then, the circuit be re-opened the muscle again

contracts, but this contraction is much less energetic than the

former. The same electro-physiological phenomena are produced

by the current proceeding from the wire rolled around the first

one, and induced by it. And if, in place of a muscle, we put a

galvanometer in the circuit of wire, we see the needle deviate at
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every completion and interruption of the current, but in opposite JLP

directions for the two. y
The current that is instantaneously developed in the second coil,

at the moment when the circuit formed by the first coil and the

battery is completed, pursues an opposite direction to that of

the current of the battery. It is, doubtless, for this reason that it

has been termed the negative or inverse induced current. On the

contrary, the current induced in the second coil, at the moment
when the circuit of the first coil is interrupted, travels in the same
direction as that of the generator current, and is called the positive

or direct induced current. Lastly, it may be shown that the

tension of the induced is infinitely greater than that of the extra

current. It therefore follows that the identity of the two currents

is not" perfect; and I shall hereafter show, experimentally and by
clinical observation, that the two currents differ essentially as

regards their physiological action.

I have stated that the circuit developed in the first wire has

been called by authors the extra or inductive current ; and that

of the second or superimposed wire the induced current of the

first kind. I myself formerly called them the current of the first

and of the second kind. 1 now discard these appellations, in

order not to introduce confusion into scientific nomenclature, and
because the new terms that I propose are most in accordance

with reason and physiology. For the future I shall not employ
the expressions formerly used to denote the different currents,

because these expressions are liable to be misinterpreted by the

generality of practitioners, who are not familiar with the history

of the ancient nomenclature. 1 shall speak of the extra current as

the current of the first coil ; and of the current of the first kind, of

authors, as the current of the second coil. I hope that these

names, perfectly intelligible to everybody and not oj)posed to any
hypothesis, will be generally accepted by the profession.^

^ The experimental researches that 1 i felt, however, that I was justified in an
published some years ago, and of whicli

|

endeavour to express in the clearest
I may say that their exactness has never

i
manner the current with which we are

been dispuled, although the facts have \ now concerned. Perhaps I ought to ex-
been variously interpreted, have bhown

\

plain on what the general nomenclature
in an incontestable manner that the two

j

of induced currents is founded,
induction currents possess each their That has happened with regard to the
special qualities, depending not only upon currents of induced electricity, whicli
tlie length and thickness of the wire,

but also upon the mode of induction.

It was therefore necesi^ary to denote the

two currents by terms perfectly clear and
precise; for which purpose it was neces-

sary to modify the existing nomenclature :

a proceeding that should never be at

commonly happens with regard to many
other matters ; the nomenclatuie of the
subject has been built up gradually, in
accordance with the growth of science.
The first discovery of Faradny was simply
that a fine metallic thread, rolled around
another thread that was traversed by a

tempted without absolute necessity. I current, became itself the seat of an
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Let us now examine what occurs wlien an electro-maofnetic

apparatus is put in action. A bar of soft iron is placed at a short

distance from the poles of a magnet, in such a manner that it may
alternately" approach and recede from them by a rotatory move-
ment. We place the soft iron at first crossways with the magnet,

and complete the circuit of metallic thread, rolled either i-ound the

soft iron (as in the instruments of Pixii or of Clark) or round

the magnet (as in the instruments of Dujardin or of Breton) by

placing between its free extremities either a galvanometer or

the living muscle of a frog. If now we communicate a movement
of rotation to the soft iron, so as to bring it opposite the poles of

instantaneous current, at the moment
when the circuit formed by the inner

thread was either interrupted or com-
pleted. Hence the expression "the in-

duced current," that of the fine thread ;

and " the inductive current," that pro-

ceeding from the battery. But it was
discovered, after a time, that the spirals

of the inductive wire acted one upon
another, so as to i)roduce also a special

induced current at the moment of opening

and of closing the circuit. Tliis special

current, distinct from that produced by
the battery, but produced in the same
wire, was called the extra current. It

was next ascertained that separate helices

superimposed upon the primary sjiiral

traversed by the current from the bat-

tery, induced currents one on another;

occasioning a succession of secondary

induced currents. It became necessary

to distinguish these by names. M.M.
Henry ( Princeton), Becquerel, Abria, De
la Rive,* Pouillet, and others, used the

terms currents of the second order, of the

tltird, fourth, and fifth orders and so on,

for the currents induced in the second,

third, foTU-th, and fifth helices. And, by
a singular contradiction, they retained

the term extra current, for the current

induced in the first helix; and they

called the inductive current, or current of

the battery, the current of the first order.

They knew, however, that the extra cur-

rent, produced, as has been said, by the

action of the inductive current upon its

own spiral, behaved in all respects like

the other induced currents, with which
it ought to be classed. 1 have thought it

most reasonable to call this extra current,

the first current induced, the induced cur-

rent of the first order, after the principle of

nomenclature established by the physicists

above cited. In my electro-dynamic and
electro-magnetic instruments, in which

the two threads occupy the places of the

first and second spirals, or superimposed
helices, mentioned above, we obtain the
induced currents of the first and of the
second order.

I'his brief historical retrospect exhibits

the insufficiency or confusion of the no-

menclature hitherto emj^loyed. For those

not familiar with a certain conventional

language (and few practitioners are thus
familiar), the names first, second, and
third order would indicate cm-rents of the

same kind, but classed according to their

distinctive characters or theii* superposi-

tion, while the name extra current would
appear to indicate one of another kind.

There is yet another source of confusion

in the received nomenclature, in which
some call the current of the battery the

current of the first order, while others call

it the inductive current, and reserve the

name current of the first order for that of

the second spiral. Finally, M. de Moncel
distinguishes the currents of the first two
helices as the primary ami the secondary
currents. Which of all these is the
classical nomenclature ?

In electrodynamic instruments, instead

of excluding, so to speak, the current of

the first helix from the family of induced
currents, it will be found, I think, more
reasonable and more philosophic to call

it the current of the first order ; since

the other currents superior to it have
been distinguished by physicists, accord-

ing to the superposition of the helices

traversed, as the currents of the second,

third, fourth, fifth, and sixth orders. But,
in order to avoid any confusion with
terms already in use, I propose, in place

of calling the extra current the current

of the first order, to call it the current of

the first helix ; and to call the current

next superior to it the current of the

second helix.

De la Rive, Trdite d'electricite theorique et appliqiwe. Paris, 1854.
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the magnet, the needle deviates from the magnetic meridian,

or the muscle contracts. Presently the needle returns to its

former position, or the muscle to repose. If a fresh movement be

given to the iron, so as to make it once more transverse to the

poles, a fresh deviation of the galvanometer needle will take place

in a direction opposite to the former ; or the muscle will again

contract as energetically as at first.

These phenomena of induction are produced in the electro-

magnetic precisely as in the electro-dynamic instruments, by virtue

of a modification wrought in the state of tlie magnet and of its

soft iron, and in the state of the copper wire rolled round the soft

iron or the magnet, .^•'

'

The theory is as follows :—Wben the soft iron is brought oppo-
^

site to the poles of the magnet, the natural electricity of the iron

is decomposed by the magnet, is attracted to the opposite poles

and recomposed. There results a neutralisation of the artificial

magnet, and an induced modification of the electricity of the

copper wire, the spirals of wbicli also act upon one another. When
the soft iron is withdrawn from the magnet by rotation, the

magnetic fluid of the magnet regains its liberty and accumulates

at the poles. The soft iron, the polarisation of which ceases at the

same moment, returns to its normal state, and the coj^iper wire

sustains a fresh induction.

If at the moment when these electrical modifications occur we
interrupt the circuit formed by the wire, the power of induction is

very considerably increased. Nearly all electro-magnetic instru-

ments are arranged so that these interruptions of the current only

take place when the soft iron arrives opposite the poles of the

magnet. It follows that they produce, by the rotation of the iron,

one indu(;tive action that is very feeble, inappreciable by man, and
one that is powerful : the first when the iron is transverse to the

poles of the magnet, the second when it is opposite to them.

In the electro-magnetic instruments the interruptions of the

current are affected by a little bobbin (commutator) placed upon
the axis of the soft iron (armature). The latter is put in move-
ment by a mechanism of toothed wheels, so that the rotation of

the iron may be rendered extremely rapid.

This rapidity of rotation is essential to the force and even to the

action of electro-magnetic instruments, for the reasons following :

—

When the current of an electro-dynamic instrument is inter-

rupted, the induction and magnetization of the soft iron cease

abruptly with the cessation of their producing cause; -and the

change from a great magnetic intensity to zero occurs suddenly,

and without transition in the central soft iron of the bobl)iii.
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With electro-magnetic instruments it is different. If the magnetic

curient be established by the juxtaposition of the soft iron with

the poles of the magnet, the interruption takes place only at the

moment when the iron is transverse to the poles. If the soft iron

slo\\ly describe the arc of a circle in order to assume this position,

the magnetic current established between the magnet and the iron

will diminish gradually until it ceases.

But if the iron revolve very rapidly the passage of the current

from its maximum to zero takes place in a time so short as to be

nearly equivalent to a sudden interruption, as in the volta-electric

instruments, and to produce a powerful induction. We should

lience imagine that the inductive force of an electro-magnetic

instrument would be greater the more rapid the rotation of its

soft iron. It is found, however, that in these instruments the

power diminishes when a certain rapidity of intermission is ex-

ceeded ; as happens also in electro-dynamic instruments furnished

with Masson's wheel. This phenomenon, which has long perplexed

physicists, is produced by a mechanical cause, and dejjends on

a vice of construction that I will explain hereafter.

Prior to my researches, the electro-magnetic instruments had

only a single helix. I caused to be constructed an apparatus of

double induction, in which the two helices, superimposed and fixed

upon a magnet possess, as I will show hereafter, differential pro-

perties like the helices of electro-dynamic instruments with double

current. The theory and description will be given in the fourth

chapter.

The foregoing observations not only show that induced elec-

tricity cannot furnish a continuous current, being essentially

intermittent or instantaneous, but also that each intermission is

composed of two currents opposite in their direction. It has also

been shown that the current at the end of each intermission is the

only one that exerts a powerful physiological action. Lastly,

the ordinary electro-magnetic instruments have no action except

in rapid intermission ; while the electro-dynamic instruments

furnish intermissions either rapid or slow at pleasure.

§ I.

—

Different physiological action of the current of tlie first helix,

and of the current of the second helix.

The excitation of the skin by induced electricity, however long

continued and however intense, produces no organic action beyond

erection of the papillae and a little erythema. There are persons,

however, in whom the skin is liable to inflammation under the

influence of the slightest cause ; and in them the current of
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the second lielix, which exerts, as we shall see, an elective action

on the cutaneous sensibility, may produce an erytliema that will

last for many days.

In the present state of science, no difference has been established

physiologically between electricity communicated to organs from

the induced current of the first or of the second helix. We shall

see facts, however, whicli prove incontestably that each of these

currents acts physiologically in an especial manner.^ In the

experiments by whicli they are demonstrated, it is necessary first

to equalise the power of each helix by holding a moist rheophore

in each hand. (It is known that, on thus placing oneself in the

circuit of an induced current, each intermission communicates to

the upper extremities a shock that extends to the wrists, the

elbows, the shoulders, or even the chest, according to the strength

of the current).

A.

—

The current of the second helix excites the retina more vividly

than does that of the first helix, tvhen api)lied to the face or to the

eyeball hy means of moist excitors.

This special property of the current of the second helix, the

production of stronger luminous sensations than the current of

the first helix, is infinitely more developed in my electro-magnetic

apparatus with two spirals^ than in my electro-dynamic apparatus.

Thus the current of the second helix of my electro-magnetic

apparatus acts powerfully on the retina, applied to any point of

the face, even when a very feeble current is employed ; while

the current of the second helix of the volta-electric instrument

oidy produces luminous sensations when comparatively powerful

;

and even then only when the moist rheophores are placed on the

3 Abria alone has endeavoured to de- gave him more powerful shocks in the
termine the comiaarative power of physio- i upper extremities, he infei-ied that its

logical action possessed by the second, physiological power was greater. This
third, fourth, iifth, sixth, and seventh was all. In my experiments, as we sliall

helices; or, in ordinary language, of the see hereafter, I iirst equalised the strength

current of the first, second, third, fourth, of the currents tliat I wished to compare;
fifth, and sixth order ; but he has not and then studied their dift'erential action

studied the diflerential action of the extra upon the sensibility of the skin, of the
current (current of the first hehx), and of muscles, of the retina, &c. Abria was
the current of the first order (current of unable to undertake such researches, be-

the second helix), the only diflerence that cause he did not know how to localize

it is important to know in practice, since the electric force in certain organs ; a pro-

the difffrential actions described by Abria ceeding tliat requires before all things, spe-

are quite insignificant therapeutically, cial anatomical and physiological know-
I should say also that there is no resem- ledge.

blance between the re.searclies of Abria * The apparatus with two spirals, or

and my own. Abria simply took the of double induction, which I was the

rheophores in his hands to compare the first to construct, will be fully described

difiereut action of induced currents of in the fourth chapter.

difleicnt orders ; and when any current
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points of emergence of branches of tbe trifacial nerves, or on
tlie eyeball itself. The flame then perceived is paler than that

from the current of the second helix of tlie electro-magnetic

instrument, and imp'resses the retina less vividly. The current of

the first helix of the electro-magnetic instrument produces no

more impression of liglit than that of the electro-dynamical instru-

ment. Lastly, the luminous sensation that is due to the action of

the current of the second helix of the electro-magnetic apparatus

is far from being so strong as that which is excited by electro-

^^otor instruments.

B.— The current of tlie second helix excites the cutaneous sensibility

more vivicllij than the current of the first helix.

This phenomenon was established as follows :—Two electro-

dynamic or electro-magnetic instruments were set in action, so

arranged that one furnished the current of the first, the other

the current of the second helix ; and they were so graduated

as to act with equal force upon muscular contractility. If then

the skin was excited by these alternately, it was always observed

that the sensation produced was much less, under the influence

of the current of the first helix than under that of the second.

Such are the differential properties of the currents of the first

and of the second helices, properties the discovery of which goes

back to 1848, which I described to the Academy of Sciences in

1849, and which were set forth in the former edition of this work
in 1855. Since then, my experiments upon the differential pro-

perties of induced currents having been facilitated by the use of a

commutator of the helices that I have added to my instruments,

by which I can change rapidly from one current to another, and

more readily compare their physiological effects, I have observed

that the induced currents possess other special properties of no

less physiological and therapeutical importance. These I proceed

to describe.

C.

—

The current of the first helix excites, more poiverfuUy than that

of the second, the sensihilitij of certain organs 'placed more or less

deeply beneath the skin.

I was led to a knowledge of this fact while repeating, in the

presence of M. Beclard, Associate Professor of the Faculty of

Medicine, the experiments that display the differential properties

of currents, and that I have described above. My learned com-

panion observed to me that the current of the first helix produced

in him a much more acute sensation than the current of the
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second helix, when he lield both rheophores in the same hand.

The observation led me to institute a series of experiments, which,

repeated frequently, and on many persons, have always given the

same results.

If, after having equalized tlie force of tlie currents of the first,

and of the second helix, by taking in each hand a moist rheophore,

and obtaining from each current an action tliat is felt, let us say,

as far as to the elbows, their action is compared anew by taking
both cylinders into one hand, freely moistened (it being well

understood that the cylinders do not touch eacli other), it will be
found that the sensation produced by the current of the first helix

is more acute, and more penetrating than that produced by the

current of the second. These j)henomena of sensibility are the

more pronounced, the more rapid the intermissions. The sensa-

tions and contractions, limited to the hand that liolds the two
moist rheophores, result from the direct action of the current upon
the subcutaneous nerves of the palmar surface of the hand and
fingers, and upon the muscles of that region.

The current of the first helix produces also a more acute sensa-

tion when it is directed upon the muscles of other regions of the

body.

There are some muscles in which it is easy, by reason of their

isolation, to display this special action of the current of the first

helix upon the muscular sensibility. I may mention, as examples,

the deltoid and the supinator longus, on the middle part of which
the exciting sponges may be placed as near together as possible.

If in such experiments we place the two currents in identical con-

ditions by equalizing their tension (by means of a tube of water),

we may see how the current of the first helix excites most the

muscular sensibility. But when we experiment in regions where

the muscular layers are more or less thick, and are superimposed

on one another, the difference of action of the two currents on the

muscular sensibility is less easy to display ; because the current

of the second helix is of a greater tension than that of the first,

and, as I will soon explain, its recomposition takes place more
deeply—so that a large number of muscular fibres are thrown into

contraction, and sensation is proportionately augmented.

It would be reasonable to infer that the sensibility of other

organs more or less deeply seated beneath the skin would also be

more acutely excited by the current of the first helix than by that

of the second. I have proved this for many of them ; for the

mixed nerves, the testes, the bladder, the rectum ; and for these

the difference of sensation excited by the two currents is con-

siderable.
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D.

—

The current of the second helix produces more energetic reflex

contractions that that of the first helix.

This proposition follows from the foregoing experiments, which

should be completed in the following manner :

—

Having first equalised the action of the two currents on the

sensibility of subcutaneous organs, by holding both moist rheo-

phores in the same hand, a rheophore should then be taken in

each hand. It will be found that, of currents which act with

equal force in producing sensation, that of the second helix will

produce contractions which ascend much higher up the arms.

It is necessary to explain the mode of physiological action in

these phenomena. The contractions observed in the upper ex-

tremities when a moist rheophore is held in each hand, are mani-

fested above the point excited, that is, in a direction contrary to

that of the nervous force. They are due to the reaction of the

spinal cord, excited by the electric current which passes along

the limbs, from the extremities to the centre. I shall return, in

Chapter III., § 3, to this mode of electrization, which I have

denominated the mode hi/ reflex action.

E.— When the moist rheojjhores are applied to the surface of the skin,

the current of the second helix penetrates the tissues to a greater

depth than that of the first.

I arrived at the above conclusion in the following manner. I

had frequent occasion to localize electric excitations in muscles

that had lost their contractility and their electric sensibility,

consequent upon some injury to their nerves ; as, for instance, to

the radial nerve. When I employed the current of the first helix,

I Avas able to limit the excitation to the paralysed muscle, even

when the strength of the current was considerable. There was

neither sensation nor contraction. But, if I replaced the current

of the first helix by that of the second, after having equalised the

two by taking the two rheophores in each hand, the muscles of

the anterior region of the fore -arm would be thruwn into contrac-

tion, and the patient experienced sensation.

It is evident that, in the latter case, the current had penetrated

more deeply than in the former, and had been recomposed in the

muscles of the anterior region, after traversing the interosseus

space. I have seen similar phenomena in the leg, when the

internal or external popliteal nerve had been wounded; that is

to say, that the current of the second helix excited at once the

paralysed and the sound muscles, while that. of the first, apparently



INDUCED ELECTEICITY. 27

of equal strength, was limited in its action to the paralysed muscles

only.

It has, therefore, been shown by the foregoing :

—

1. That the current of the first helix excites most acutely the

sensibility of certain subcutaneous organs ; the nerves, the muscles

(proportionately increasing their contractility), the rectum, tlie

bladder, the testes, the epididymis, and the spermatic cord.

2. That the current of the second helix acts most powerfully

upon the cutaneous sensibility, upon the sensibility of the retina,

and penetrates most deeply into the tissues.

F.

—

Theories of the differential jihysiological jproperties.

Whatever be the cause of the differences observed in the physio-

logical properties of the currents of the two helices in every

double-induction apparatus, differences observed in varying degrees

in different instruments, according to the varieties in diameter and
relative length of their coils, it is incontestable that these pro-

perties, so important physiologically and therapeutically, and
which cannot be combined in a single helix,—it is incontestable, I

repeat, that these properties are not physiologically identical. It

is this that I mean to express by saying, apart from any physical

theory, that the currents of the first, and of the second helix possess

different physiological properties.

With regard to the physical theory of these differences, esteeming

myself fortunate to have pointed out facts of such great practical

importance, that had previously escaped observation, I prefer leaving

their explanation to others, to physicists, more able than myself to

deal with them. In a communication addressed,^ in 1856, to the

Academy of Medicine, upon certain new physiological properties of

induced currents, I confined myself to expressing an opinion that

there was some connection between the degree of tension of the

currents, and their power to penetrate deeply beneath the skin.

If I did not attempt to explain also the physical causes of the

other differences, it was not for want of experimental inquiry into

the subject.^

* DuohenuG", Note sur quelques pro-
\

in the text, we measure their physio-

prle'tes cliffe'reutielles des courants cVinduc

tion de premier ef de secmide ordre ( Bull,

de VAcad. de Me'd., 18 Mars 1856, t. xxi.

p. 538). See also Rapport de M. Bouvier
(ibid., p. 671).

8 The following experiment will show
that the currents of the first and of the

second helices possess different degrees

logical power anew, after causing them
to traverse a portion of distilled water

in a glass tube, it will be found that the
current of the first helix is much more
weakened than that of the second. When
my most powerful induction instrument
is in action at its highest grade, and its

two currents are equalised, the current

of tension. If, after having equalised of the first order ceases to be ])erceptible

the two currents in the manner described after having passed through distilled



28 LOCALIZED ELECTRIZATION.

My first idea, when I had thoroughly convinced myself of the

difference in the effect of the two currents upon the sensibility of

the skin, the idea that would naturally have presented itself to any

physicist, was that this difference might perhaps be explained by

the difference of tension. I was induced by this belief to make
certain experiments, the results of which were entirely negative.

Being unable to solve my problem, or, in other words, being unable

to find the explanation that I sought, I thought it best to abstain

from publishing my experiments. In this decision I now think I

was mistaken ; since many physicists of the first reputation and

of the highest talent have attributed the different properties of the

currents solely to the difference in their tension.

" The extra current," they say, " and the current of the first

order, do not enjoy elective properties over this or that function

;

but they have an action more or less energetic by reason of their

tension,—tension which they owe to the size, the inductive power,

and the insulation of the wire that they traverse. Thus an induced

current, produced in a wire much longer, and of much less dia-

meter than the first, has a much greater tension than the extra

current produced in a thicker and sliorter wire. Thus powers and

properties, apparently different, result from the greater tension of

the current that produces them.'"'

From the foregoing theory critical deductions have been framed

with regard to the arrangement and properties of my electro-

dynamic and electro-magnetic instruments, made, as is well-known,

with reference to their application in medicine. Since these deduc-

tions diminish the value of my physiological researches, and of the

practical considerations that flow from them, I think it my duty to

make known my own experiments with regard to this important

question, experiments which seemed to me to prove that the

physiological differences between the induced currents of the first

and second helices were not solely due to differences in their ten-

sion ; that their properties are really special to each, and, at present,

are not capable of explanation.

In order that my experiments should be simpler, and more

decisive, I studied the phenomena of induction without the inter-

water for a distance of eight centimetres ;
|

second ; or, in other words, that the

while that of the second helix is still

very ai^preciable after passing through

thirty centimetres. These phenomena
are the same, whether the ciirreuts be

former has a much less degree of tension

than the latter.

^ Traite cles applications de I'^ledricife

la therapeutique^ jmr A. Becquerel,

furnished by an electro-dynamic or an 1857, p. 58. I may mention that the

electro-magnetic apparatus. They show
|

physical part of this book is due to the

that the cm-rent of the first helix over- '. assistance of M. E. Becquerel, whose
comes the resistance of the water with

j

learning and abilities arc world re-

much more difiiculty than that of the i nowned.
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vention of magnetic force ; that is, by producing induction by the

initial voltaic current alone, and waiting to test afterwards the in-

fluence of temporary magnetism as an initial force also producing

induction.

a.

—

In my electro-dynamic instruments ivith double current, the

difference in diameter and length of the two tvires which ^jro-

duced the extra current {current of the first helix) and the current

of the second helix, did not alone explain the different action of
those currents on the sensihility.

Experiment.—I constructed two helices, nine centimetres in length, of
copper wire, covered with silk. In one the wire was one millimetre in

diameter, and 200 metres in length ; in the other a sixth of a millimetre
in diameter, and 1000 metres in length. In the centre of the helices was
a space, intended to receive a bar of soft iron or a bundle of iron wire, but
left empty during the i^resent experiment.

In this state, the current of a pair of Bunscn's elements, circulating with
intermissions through each of the separate helices, gave origin to two instan-
taneous currents of unequal power. That which was developed in the thicker
and stouter wire (the extra current of authors) exerted a physiological action
infinitely greater than that of the fine wire.

I then equalised the physiological force of the two currents, by placing the
moist rheophores one in each hand, or both in the same hand, or on the plane
of the muscles, and by then causing the current of the thick wire to pass
through a tube filled with distilled water of such a length that the shocks
produced were equal to those of the current of the fine wire.

If, after thus equalising the physiological power of the two currents, their
action on the cutaneous sensibihty was compared, it was found that the fine

and long wire did not excite this sensibility more acutely than the thick and
short.

It follows from this experiment that an extra current developed

in a helix of very long and slender ^ire (1000 metres in length,

and one-sixth of a millimetre in diameter) does not excite the

cutaneous sensibility more actively than an extra current developed

in a wire much shorter and thicker (200 metres in length, and a

little less than a millimetre in diameter).

It is also evident that, if the action of a current ujDon the

cutaneous sensibility bore any direct proportion to the degree

of tension, the extra current developed in a iine wire should act upon

the skin much more powerfully than that developed in a wire

thicker and shorter. Tliis does not require to be demonstrated.

b.

—

The fine and long wire of my electro-dynamic apparatus of
double current only acquires its special action upon the cutaneous

sensibility when its current is induced by a thicker wire.

If the same helix of fine wire, that was used in the foregoing

experiment, was exposed to the inductive influence of the helix

of thicker wire, the current circulating in its coils instantly acquired

the special property by which the sensitiveness of the skin is



30 LOCALIZED ELECTRIZATION.

acutely excited ; the property that I liave made known as being

peculiar to tlie current of the second helix. The experiment was

tried as follows :

—

Ex23erimeiit.—I mounted the two helices used in the preceding experiment,
and made a second fine helix, the same as the former, to cover the helix of

larger wire. Into the latter I conducted an intermitting current of the same
electro-motor. The force of the current of the second helix, when iiroduced
by the induction of the first, was very considerably augmented (as would be
foreseen). In order to compare the special properties of this second helix,

yielding an induced current, with those of the similar helix, yielding only
an extra current, I caused the current of the former to pass through a
water regulator, until it was impossible, with the moist hand to distinguish

one current from the other. They might therefore be thoiight to be per-

fectly equal, with regard to their i:)hysiological action upon the sensibility of

the skin. But on limiting their action to the surface of the skin, and test-

ing them alternately, the induced current of the fine wire was found to

produce much more sensation than the fine-wire extra current.

We have therefore seen in this experiment, that a helix made
of wire 1000 metres in length, and one sixth of a millimetre in

diameter, and of which the power, as the source of an extra cur-

rent, scarcely equalled that of a helix made from a wire 200

metres in length, and one millimetre in diameter, acquired an

enormous increase of power, as regards the cutaneous sensibility,

when excited by an inductive helix of the thicker and shorter

wire.

It will doubtless have been observed that in the foregoing

experiments I refrained from placing the soft iron in the centre

of the inductive helix ; that is to say, that magnetism had no

influence upon the phenomena of induction that I have described.

My experiments were conducted in this manner for the purpose of

showing how little foundation there is for the opinions of certain

writers, who have ascribed the special action of the current of the

second helix to the influence of magnetism. " There is," says

M. E. Becquerel, "another observation that should be made. M.

Duchenne, by jdacing in his instruments a second helix over the

first, has thought he obtained from it only a current of a superior

order to tliat of the first. But, from such an arrangement, the

result is very complicated : because, in the second helix, as in

the first, the predominant action is due to the influence of the

central magnet."

This opinion is valueless, in the face of tlie experiments above

recorded ; because in them the differential action of the two

currents was displayed quite independently of the presence of

the temporary magnet. If I had placed a bar of soft iron in the

centre of the inductive helix of large wire, the iron would have

become strongly magnetic, and would have re-acted upon the in-

duced current of the lielix, increasing its power, as may easily be
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shown. This increase of the power of the current of the first helix

would have increased in proportion, by its influence, the power of

the current of the second helix. This is all. To say that the

magnet acts directly upon the second helix, and confers special

properties upon its current, is mere hypothesis, and the objection

is set aside by my experiments.

We may therefore say that the special action of the current of

the second helix upon the cutaneous sensibility, or the special

action of a helix of fine and long wire induced by a helix of wire

that is thicker and shorter, cannot be explained entirely by the

great tension of the current. What, then, is the exact explanation

of the phenomenon? This is a question that ought to employ

the ingenuity of the learned physicists who have criticised my re-

searches ; and who, I repeat, by reason of their special knowledge

are far more competent than myself to enter upon such inquiries.

Let us, however, admit for an instant that the greater action of

the current of the second helix upon cutaneous sensibility is due

solely to the greater tension of this current. How, then, shall we

explain why the current of the first helix, the tension of which is

infinitely less, excites much more acutely than the other the sensi-

bilities of certain sub-cutaneous organs (muscles, nerves, bladder,

rectum, testes) ? How, also, shall we explain the elective action

of the current of the second helix upon the sensibility of the

retina ?
^

^ M. Chauveau, endeavourinpf in a
recent boolc to generalize on the pliysio-

logical effects of induced currents, has
concluded from some experiments on
animiik :

—" 1. That the physiological

effect of electricity is the result of a
mechanical disturbance of the molecules

in the track of the currents. 2. That
this disturbance depends entirely upon
the tension of the currents, and is not

directly influenced by the quantity of

electricity set in motion. 3. That the

various portions of the track of the elec-

tricity, in an animal conductor, do not
undergo the same degree of mechanical
excitation ; because the tension, instead

of being uniform throughout the con-

ductor, is always stronger at the extreme
points, and, especially, at the point of

escape (negative pole).''

The experiments made upon the human
subject, Ity the aid of localized electricity,

and described in the text, show that the

energy of all the physiological effects of

an induced current, far from being always
in direct proportion to its tension, is

sometimes greater under the influence of

a current of lower tension (the current

of the first helix, or the extra current of

authors).

I should observe also, that it is known
in physics, and may be shown by experi-

ment, contrary to the statement of M.
Chauveau, that the electric current lias

less tension at the negative than at the

positive pole ; so that a more powerful

physiological action at the negative pole

cannot be attributed to the greater tension.

Lastly, M. le vicomte Dutuoncel gave
additional support to the position that I

defend, in a work that he addressed in

1859, to the Academy of Sciences. He
has shown by experiment that the physio-

logical power of an induced current is

not always due io its tension ; and his

experiment is described in the following

communication, witli which this inge-

nious and learned physicist has favoured

me.
" We may," he says, " conclude from

this experiment, that the tension is not

the sole cause of the power of induced
currents to produce physiological effects

;

and that the different effects observed

by M. Duchenne, from the action of

secondary currents and extra currents,
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We cannot, therefore, in the present state of knowledge, find a

satisfactory physical theory of the differential physiological pro-

perties of the currents of the first and of the second helix ; and we
must be content, for the time, with a simple recognition of incon-

testable facts.

§ II.

—

Differential therapeutic ]^rojperties of the induced currents.

Induced electricity is the only therapeutic agent which, limited

to the skin, is capable of producing acute cutaneous sensation

which ceases suddenly with the operation, which can be graduated

from simple titillation to the most acute pain, either through all

intermediate degrees, or by passing suddenly from one extreme to

cannot be entirely due to the differences is composed of two straight electro-mag-

in their tension.
;

nets B and D, furnished with induction
" I have demonstrated by the apparatus bobbins at their polar extremities, that

represented in the figure (fig. 1); which when tlie two armatures E F and G H

Fig. 1.

are let down over the poles of the

magnets, the induced currents excited by
the closing and ojiening of the inductive

current across the bobbins A and C,

although more intense in their action

U4)on the galvanometer than when the

armature E F is raised, give much more
powerful shocks in the latter case; and
yet the two currents, measured by the

rheostat, have the same tension. It is

impossible to ascribe this difference of

action to the difference in the rapidity

of the demagnetization of the magnetic
centres in the two cases; because the

same effects are produced by interrupting

the two inductive and induced currents

simultaneously by means of a double

toothed wheel. Moreover, this effect is

not the only one of its kind that could

be cited; and I have shown tJiat, imder
certniu circumstances, the inverse current,

which never gives api:)reciable physio-

I

logical effects, yields some that are more
energetic than those of the direct current.

i Furthermore, we know that the negative
pole of the induced current re-acts most
powerfully upon the animal economy;

, although the experiments of M. Eiess
and myself have shown that the current
of the positive pole possesses the gi-eater

tension. We must therefore conclude, as

I have said, that the reciprocal relations

between the nervous system and tlie

action of electricity are not sufficiently

!

understood, in the present state of science,

!
to furnish us with a priori explanations

[

of all the phenomena that have been

;
observed."
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the other, without ever disorganizing the skin, or leaving any
trace behind further than a slight erythema or a little elevation

of the papillfe. It is evident that such an agent will fulfil a

number of indications ; whether we wish to excite the sensibility

of the skin, as in cases of cutaneous anaesthesia ; or whether we
wish to produce some revulsive local action, as in neuralgic and
rheumatic pains. This cutaneous excitation may be repeated

frequently, and may be applied to all points of the surface, even

of the face, since it leaves no mark behind ; and it may be con-

trolled in accordance with the excitability of every patient, or of

any region of the body.

There is often need for an intense current in the treatment of

certain muscular affections. In such cases, only induced elec-

tricity is applicable ; since it does not exert the calorific action of

contact electricity.

The chemical or electrolytic action of induced electricity is so

feeble, that it is useless as a means of coagulating the blood, in

the treatment of aneurisms. Induction instruments will, however,

even when of small size, exert a considerable influence upon con-

tractility, and this greatly facilitates their employment.

A.

—

The different physiological actions of the induced currents of
the first and of the second helix cannot he ap-plied indifferently in

practice.

The two induced currents (of the first and of the second helix)

the physiological properties of which are so dissimilar, should

exert a different therapeutic action, answering, for each of them,

to some special indications. Although empirical trial has often

played a principal part in therapeutics, we should nevertheless be

guided in such empiricism by the physiological action of medicinal

agents. The path that I have followed, in the therapeutical use

of the currents of the two helices, has been that which was traced

out for me by physiological experiment. If, however, the phy-

siological differences between the currents had been scarcely

sensible, I should in that case have drawn from them no thera-

peutical deductions ; in order not to complicate unnecessarily the

art of medical electricity, which, as we shall see, is sufficiently

difficult already. There must be something more than slight

varieties between these physiological properties. I may say,

without exaggeration, as regards their effect on the cutaneous

sensibility, that they differ as water that is warm differs from water

that is boiling, or as iron slightly warm differs from iron that is

white-hot.

We do not, indeed, find so great a difference between the two

u
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currents as regards their other properties ; although even for

these it is very notable ; and if applied indifferently in certain

cases, and under certain conditions, tlie currents will produce

accidents more or less serious.

Nothing has enabled me to foresee the existence of these pro-

perties ; and I have only become acquainted witli them by long

practical experience, and always at the expense of the patients

operated upon ; or, in other words, by accidents. Among recent

examples, in faradization of the testes, in a case of impotence, with

the current of the second helix, (two moist rheophores, one in front

the other behind, Avere applied to the scrotum at the level of the

testes), the patient experienced some pain. Instead of diminishing

the force of the current, I changed it for the current of the first

helix (by turning the index of the commutator of helices of my
electro-dynamic apparatus), thinking that, as the tension of the

latter was far less, it might penetrate less deeply, and perhaps

produce less sensation. The very contrary took place, the pain

becoming much more acute. It seemed to the jDatient, so to

speak, as if the testes were being torn from the cord.^ The same

thing has occurred in every patient with whom I have repeated

the same experiment. The epididymis and the cord are alike

much more sensitive to the excitation of the first than of the

second helix. Another time, having to treat paralysis of the

bladder, I introduced one rheophore into that viscus, and another

into the rectum (for the construction of the rheophores, see page

95), and caused the passage of a sufficiently strong current from

the second helix, with two intermissions in a second. Tlie patient

felt only a very bearable sensation. But, as the tension of the

current was very great, it was difficult to avoid its penetration to

the sacral plexus, in such a way as to produce powerful shocks

in the lower limbs. I therefore changed suddenly, without any

warning, to the current of the first helix, on account of its lower

tension. The patient immediately complained of horrible pain in

the hypogastrium. Three other patients, who were then under

treatment, all complained of similar pains under the same circum-

stances. I have often repeated the experiment, when acting

solely upon the bladder or the rectum with a double rheophore

that will be described hereafter ; and the local sensation has

always been incomparably stronger from the current of the first

^ The patient was a distinguished pro- and the current of the first order have no

fessor of physics; and certainly, after this elective properties with regard to this or

argumentum ad hominem, he would no
I

that function, but they have a more or

longer hold the opinion of MM. Bee- less energetic action, hy rrctson of their

querel, who wrote "The extra current tension."
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helix than from tliat of the second. These experiments are not

harmless ; because in many cases the acute sensations have been

followed by neuralgic pains in the organs over-excited. The
difference in the action of the two currents upon the sensibility of

the retina is far from being as great as in the preceding cases ; but

I have seen many persons who have been inconvenienced by bril-

liant phosphenes, produced by the current of the second helix,

when I have excited regions supplied by the branches of the tifth

pair, such as the face or the tongue. Patients have been even

fearful about their sight, and have complained of muscae volitantes,

after such operations.

These facts show, therefore, that the currents of the two helices

must not be employed indifferently or indiscriminately ; and that

the practitioner must be circumspect in the selection of one or the

other of them.

B.

—

Cases in ivJiich we should em]ploy hy preference the current of

the first or of the second helix.

The differential action of the currents of the two helices being

known, it is easy to foresee in what cases the one or the other

should be chosen.

The extreme energy with which the current of the second helix

acts upon the sensibility of the skin, renders it a most valuable

agent in the treatment of cutaneous ansesthesia, or in producing

a cutaneous revulsion or shock greater, if desired, than that

of the actual cautery, without any destruction of tissue, e.g., in

rheumatoid and neuralgic affections. It is unnecessary to add

that the current of the second helix will succeed in a number of

cases in which that of the first would be AvhoUy powerless. I have

frequently seen cutaneous anaesthesia yield rapidly to the current

of the second helix, when an apparatus possessing only the cur-

rent of the first helix more powerful than the former in exciting

muscular contraction, had failed to exert upon it any appreciable

influence

!

If it be desired to practise electric excitation ujDon deep masses

of muscle, protected by thick aponeuroses or covered by an adipose

subcutaneous cellular tissue, thick or oedematous, the current of

the second helix perfectly fulfils the indication, by virtue of its

greater tension ; or, in other words, on account of its power of

penetration.

Again, the current of the second helix, which acts less upon the

muscular sensibility than that of the first, should be preferred

when it is desired to provoke energetic contraction with as little

D 2
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pain as possible ; as in children, and in cerebral paralysis, when it

is necessary to avoid reaction of the nervous centres.

The current of the first helix, the tension of which is feeble,

succeeds perfectly in cases where it is desired to excite acutely the

sensibility and the contractility of small and superficial muscles,

without going beyond their limits ; as in paralysis with muscular

insensibility, or local atrophy. In paralysis of the seventh pair,

for instance, when the electric contractility is more or less weakened,

it is indicated to excite acutely the muscles that are paralysed.

These are of small thickness, and it is necessary to select for them

the current of least tension (that of the first helix) when it is not

wished to carry the excitation too deeply.

The singular property possessed by the current of the first helix,

of exciting acutely the sensibility of the bladder and rectum, is

valuable in cases where these organs are the subjects of simple

ancesthesia, or when, at the same time, their contractility is lost

or diminished. I shall describe hereafter a case of anaesthesia

of the bladder, which by itself constitutes a serious affection, since

the patient, feeling no desiiife to micturate, allows the organ to

become distended, and is unconscious of its fulness until this is

manifested by dribbling. By such distension, the bladder becomes

paralysed secondarily. In such a case it is plain that the current

of the first helix would be indicated ; but in a case of muscular

paralysis of the bladder, where one feared any over-excitation of

the sensibility, the current of the second helix, which acts power-

fully on the contractility and feebly on the sensibility of the organ,

ought to be preferred. The same considerations are applicable to

paralysis of the sensibility or of the contractility of the rectum.^"

Different denominations of the various Jcincls of elestricitij.

It follows, from what has been said, that each of the sources of

electricity, of which I have described the physiological and thera-

peutical properties, responds to special indications. It is, there-

fore, necessary to introduce a nomenclature to express clearly the

employment of each.

The word electrization should be used only in a general sense.

The application of frictional electricity may be called static

1° In the face of the facts set forth in is to omit from consideration evidence

the preceding pages, to maintain before obtained by electro-physiological experi-

an Academy of Sciences, in the present nients and by a long course of clinical

day, that the extra current and the observation, or is a proof of such igno-

current of tlie first order, independently ranee as to imply absolute incompetence

of their tension, have no elective proper- to deal with any electro-physiological or

ties with regard to this or that function, therapeutical question.
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ehdrization ; and that of contact electricity, galvanization. But
this hist word has, in general, been employed indifferently in

medical practice, to denote the use of either contact or induced

electricity. The electro-pliysiological and electro-therapeutical

considerations above laid down will render plain the disastrous

effects of such confusion.

Since, then, it is necessary to coin a word to express exactly

induced electricity and its application, may we not take the word
from the name of the discoverer? The name of Galvani has
been given to contact electricity; and I would give to induced
electricity the name of Faraday. Thus induced electricity itself

may be called faradism ; and its employment may be called

faradization. Such a nomenclature seems to me to be the more
happy, since it not only establishes a well-marked distinction

between induced and contact electricity, but also does honour to

the name of a philosopher to whom medicine is indebted for a
discovery far more valuable in therapeutics than that of Galvani."

[Mr. J. Netten Eadcliffe has taken objection to the nomenclature adopted
by Duchenne in respect of the application of " frictional " and " contact elec-
tricity " to medical purposes. The use of the word electrization, sometimes in
a general, sometimes in a special and limited sense, is, he thinks, apt to
confuse. The terms "frictional electricity " and " static electricify " are words,
moreover, passing into disuse among physicists ; while the terms " contact
electricity" and "r/alvanism" are almost entirely disused in physical science.
Mr. Eadcliffe thinks that it would be an advantage to have a series of terms
which, while securing the object which Diichenne had in view, would
not clash with the nomenclature adoj^ted by physicists. He writes, " The
electricity of chemical action (' contact electricity,' ' galvanism,' so-called)
is more correctly and generally designated after the name of the original
discoverer, Volta, voltaic electricity. Faraday suggested that frictional elec-

tricity should be termed after the illustrious philosopher Franklin, whose
name is especially connected with its early experimental study, fmnklinic
electricity, and the name is now being widely adopted by physicists. By
applying the meihod of terminology which Duchenne has so happily used
in respect of the induced current, to other forms of electricity, a series of
terms is obtained which wonld be accurate in form as the practice of nomen-
clature goes, true to science in fact, free from confusion, and particularly
convenient in usage. The series would be (1) faradaic electricity, or fara-
dism. ; and, as respects the pathological and therapeutical application of the
agency, faradization ; (2) voltaic electricity, or voltaism ; voltaization ; (3)
frariMinic electricity, ov fratiklinism

;
franklinization."— (' The Practitioner'

vol. i. p. 19.—//. T.]

" At present, the above nomenclature I although MM. Becquerel have maiu-'
is universally used in practical medicine,

j
tained that it was not acceptable.
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CHAPTER II.

localized electrization.

Part the First.

The Fundamental Principles of the Method.

At the commencement of my researches, having adhered to the

principles of electrization given in special treatises, and my first

attempts having been, if not unfortunate, at least little encouraging,

I was soon convinced that my ill success might be attributed to

the imperfection of the operative proceedings until then in vogue,

and to which I had had recourse. Eeserving a critical examination

of them for the next chapter, I may say here that their greatest fault

is the difficulty of acting upon the diseased part without exposing

healthy organs, or even the entire nervous system, to the incon-

veniences or dangers of the electric stimulation. Moreover, it is

impossible, in using these methods, to attain to any exact study of

the muscular electro-physiology, or electro-pathology.

It then suggested itself to me that it would be possible to obtain

more important and more definite results, if I could either arrest

electricity in the skin, without stimulating the subjacent organs,

or cause it to penetrate the skin without influencing it, and to

concentrate its power upon a nerve or a muscle ; in a word, to

make it penetrate to deeply-seated organs.

§ I. Hoio to direct electricity through organs ? Sow to set limits

to its action ?

This problem, so difficult in appearance, was very simple in

reality. For its solution nothing was needed beyond a careful

analysis of the phenomena daily seen in practice, on applying to

the moist or dry skin, the rheophores ^ of an induction-instrument

of medium power. The following are the principal facts that

enabled me to accomplish the work I had undertaken. They fur-

nish the basis of localized electrization.

1. If the skin, and the metallic rheophores are perfectly dry,

and the cuticle of considerable thickness, as in persons who are

much exposed to weather by their occupation, the current is

recomposed on the surface of the epidermis, without reaching the

dermis, and produces sparks and crackling, but no physiological

phenomena.

' [Conductors or directors.— if. T.]
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2. If the two rheophores, one moist and the other dry, are

placed on two points of the surface, the person experimented upon
will feel, at the point where the dry rheophore has developed

only physical effects, a superficial and evidently cutaneous sensa-

tion. Tlie opposite electricities, in such a case, are recomposed at

the dry point ; hut after having traversed the dermis by the aid of

the moist rheophore.

3. If the skin be very slightly moistened, on a part where tlie

epidermis is very thick, a sensation that is superficial, but stronger

than in the preceding case, and without either sparks or crackling,

is produced at the points where the dry metallic rheophores are

placed. Here the electric recomposition takes place in the thick-

ness of the skin.

4. Lastly, if the skin and the rheophores are both thoroughly

moistened, the current produces neither sparks, nor crackling, nor

burning sensation, but very variable phenomena of contractility or

sensibility ; accordingly as we act upon a muscle, or muscular

fasciculus, a nerve, or an osseous surface. In the latter case an
acute pain of a very peculiar character is experienced ; insomuch
that we should carefully avoid placing moist rheophores over such

surfaces.'^

It follows from these experiments that we may, in faradization,

arrest at pleasure the power of electricity in the skin ; and that,

without puncture or incision, we may make the current traverse

the skin, and may limit its action to subcutaneous organs, tliat is,

to nerves, muscle, and even bone.

It is difficult to conceive, however, that electricity will act upon
subcutaneous organs without, at the same time, physiologically

exciting the skin itself. One is apt to think that the sensations

produced by electrization of deep organs are due either to excita-

tion of the skin only, or of the skin and the deep organs together.

2 I will attempt to generalize these
phenomena. It is well known that ten-

sion electricity has a great tendency to

escape by points. The same occurs with
dynamic electricity, when recompositions
occur between the epidermis and dry
rheophores. In fact, the epidermis and
the rlieophores present each a number of
asperities by which the fluids of oj^p'osite

denominations, proceeding from the bat-

tery or the induction apparatus and the
body, escape to be recomposed and neutra-
lized; producing crepitation and sparks.

If the skin lias been traversed, the exci-

tation is then superficia], and can only
produce cutaneous phenomena, that is,

cutaneous sensations. But if the aspe-

rities are abolished by a film of water,
the electricity traverses the skin en masse
and is recomposed deeply, either in the
muscles or in bone, or in nerve ; the more
deeply the more intense the cm-rent.

There will then be no more sparks or crack-
ling, or cvitaneous sensations; but only
IDhysiological plieuomena in accordance
with the functions of ihe organs that are
excited. These latter jjhenomena display

a difference between the jjhysiological

effects of tension electricity and dynamic
electricity. The former always produces
electric recomposition between the rheo-
]5hore and the epidermis, in whatever
manner the operation is performed.
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The following experiments may' serve to show that the sensation

produced during faradization of the skin by dry rheophores, applied

to an equally dry surface, is entirely the result of cutaneous exci-

tation ; and that the sensation produced by the apj^lication of very

moist rheophores to the surface, on the level of a muscular plane,

can only be attributed to direct excitation of the muscle.

First experiment.—Having found, in a wounded patient in the Hotel Dieii,

a part of the external crural mtiscle laid bare, I applied over the miiscle, and
on the denuded portion, a dry metallic rheophore. The resixlting contraction
was accompanied by a dull sensation, special to electro-muscular contraction.
I then placed the same rheophore on the plane of the same muscle, but upon
uninjured skin, and I obtained only a burning sensation, without muscular
contraction. Having replaced the metallic rheophore by moist sponges
contained in the exciting cylinders, and these being placed upon the skin, in
a plane corresponding to the crural muscle, I obtained contraction, with the
same peculiar dull sensation tliat was produced when the dry metalUc rheo-
phore was in contact with the denuded muscle.

Second experiment.—A. patient, in wliom the radial nerve had been destroyed
by a bullet-wound of the lower part of the arm, had lost the sensibility and
the electric contractility of the muscles of the posterior region of tlie forearm

;

while the sensibility of the skin remained intact, from the integrity of the
cutaneous nerves. I applied the dry metallic rheophores on the skin of
the anterior and posterior antibrachial regions, and they produced an acute
burning sensation. I replaced the dry rheophores by the cylinders with
wet sponges, which produced in the posterior region neither sensation nor
contraction, although contractions attended by sensation were manifested in
the anterior region ; where also the biirning sensation produced by the di-y

rheophores was replaced by the dull and peculiar sensation of muscular
contraction.

I have many times repeated similar experiments in other patho-

logical conditions, not only on muscles, but on mixed nerve-

trunks; and I have arrived at the conviction that the electric

excitation may reach a muscle or a nerve, without exerting any
action upon the skin in its course.

It should, however, be remembered, that in certain cases sensa-

tions really produced by the excitation of the skin, or of the

cutaneous nerves, may be attributed to muscular sensibility alone.

In order to explain how such an error may be avoided, it is neces-

sary to enter into certain details.

(a). It has just been shown by experiment that, if the skin

and the rheophores are sufficiently moist, and in perfect contact,

the former is traversed by the current without being excited ; and
that the electric recoraposition takes place more or less deeply in

the subcutaneous tissues. But at the moment when the rheo-

phores and the skin are brought into contact, and when contact as

yet is not perfect, the surface presents certain asperities which

occasion electric recompositions, attended by sensations of prick-

ing and burning, and even by crepitation and sparks, especially if

the current be that of the second helix, with its power of exciting
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cutaneous sensibility, and if the current be sufficiently strong.

The same phenomena are repeated at the moment of separating

tlie rheophores from the skin. In order to avoid this electro-

cutaneous excitation during the faradization of muscle, it is neces-

sary to avoid establishing the current until the contact between

the skin and the rheophores is complete. (I shall hereafter point

out the precautions to be taken in order not to produce cutaneous

sensations.)

(&). The moist rheophores act invariably upon the cutaneous

nerves when placed over their course. In order to study the

phenomena resulting from their excitation, the tension of the

current should not be sufficient to penetrate to the muscles.

The faradization of a cutaneous nerve produces a sensation which

is continued along the course of the nerve, beyond the point

excited, to the finest ramifications ; where it occasions tingling

and pricking, proportionate to the degree of intensity of the

current, and the rapidity of the intermittences. The sensations

are also more acute when the nerves are excited at a point near

to their finest ramifications : thus they are produced more strongly

by faradization of the collateral nerves of the fingers and toes,

than of the cutaneous nerve higher up. The excitability of the

cutaneous nerves differs greatly. It is carried to the highest

degree in some of them; the frontal, for example, derived from

the opthalmic of Willis, cannot be touched without provoking

acute pain in the faradized point, spreading from thence to all

the ramifications. In other nerves faradization is only appreciable

by the extension of slight tingling over the regions of their distri-

bution. The cutaneous nerves of the limbs are generally in this

latter condition.

A knowledge of these phenomena renders it possible to dis-

tinguish the complex sensation, due to the simultaneous excita-

tions of cutaneous nerve and muscle, from that which is the result

of the excitation of muscle alone. Indeed, when the moist rheo-

phores are placed on the plane of a muscle, and over an excitable

cutaneous nerve, the participation of the latter is shown by the

tingling or pricking which extends along its ramifications, and by
a special pain, if the nerve be very sensitive, limited to the point

excited. When the rheophores are so moved as to avoid the

cutaneous nerve, the tinglings and the local pain cease instantly,

and allow the purely muscular sensations to be perceived.

§ II. Is it possible to concentrate the electric force in a muscle f

We are met here by an objection seemingly very serious, which
would present itself naturally to all minds, and which nearly
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arrested me at the beginning of my researches. If it he true that

we can concentrate the electric force in a muscle, is it also certain

that the resulting excitation ivill not itself produce the phenomena
called reflex, hy reacting u/pon the nervous centres ? In other tvords,

is it not to he feared that the electrization of a muscle may provoke not

merely its own contraction, hut also that of other muscles ? If it had
been so, I should certainly have renounced my idea as a chimera,

and all the researches that I owe to its realization would have to

be recommenced. The following experiments have convinced me
that the reflex action of the cord does not disturb the muscular
phenomena j^troduced by localized electrization :

—

First exjyeriment.—Having removed the skin from the face of a living rabbit,

I divided the facial nerve of one side only, in order that the muscles supplied
by it might be cut off from all connection with the cord. I then applied
electric excitation to each muscle of the face, alternately on the two sides.

The muscles contracted separately, and equally on both sides.

Second experiment.—I then destroyed the brain of the same animal, in order
to place the cord in a condition favourable to the production of reflex action,

and again excited the muscles as before. The results were absolutely the
same.
A similar experiment on the muscles of the lower limbs, after having excised

a portion of one of the sciatic nerves, produced similar results.

Third experiment.—After having decapitated a number of frogs, I destroyed
the si)inal cord in some, leaving it intact in others. In all these frogs I threw
individual muscles into contraction, even the little muscles of each claw,

without any mingling, even in those with spinal cord unhurt, of the least con-
traction due to reflex excitement.

Fourth experiment.
—

"V^Tien in the human subject we compare the contrac-

tion of the muscles of a perfectly antesthetic limb with those of a limb in

which sensation is perfect, we do not discover any difference between the two,
as regards the manner in wliich the muscles respond to localized faradization.

In both, each muscle contracts singly.

Fifth experiment.—In cases of cerebral hemiplegia (a condition favourable
to the production of reflex jDhenomena) localized faradization produces isolated

contractions as certainly on the diseased side as on the healtliy one.

I may add that, in all my experiments upon men and animals, I have made
single muscles and single fasciculi contract with as much facility and cer-

tainty as when acting on the muscles laid bare, and freshly removed from
their positions. I have publicly repeated these comparative exj^eriments at

the Hotel Dieu, at La Charite, and at the Lariboisiere Hospital.

Sixth expieriment.—In 1852, 1 made some interesting experiments upon a
patient in La Charite (under M. Cruveilhier), in whom reflex phenomena were
very easily develojied. The lower limbs were entirely deprived of movement;
and yet the slightest impression on any i^art of the skin covering them threw
them into violent action which he was unable to control.

Cutaneous excitation of the upper limbs, however powerful, produced no
movement of the lower. If the sensation experienced by the patient was
slight, as when a finger was drawn over his thigh, the movement would be
trifling, and confined to the limb touched ; but if the sensation were greater,

the movement would be more extensive, and would be executed by both Limbs

at once.

The movements consisted always of flexion of the thigh upon the pelvis,

of the leg upon the thigh, and of the foot upon the leg. I never saw any
contraction of the muscles antagonistic to the flexors. The movements were
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evidently due to the reflex action of the cord, called forth by excitation of the
skin of the paralysed limbs.

I wished to discover whether electro-musctilar excitation would produce
reflex action with the same facility, when individual muscles were made to

contract. At the instant of applying the moist rheophores to the skin, on the
surface over the tibialis anticus, the entire limb was thrown into the state

of flexion described above. This was entirely due to the touch of the sponges
wet with cold water ; the apparatus being not then in action.

Immediately after the limb had fallen again into its habitual inertia, the'

rheophores remaining all the time in contact with the same points of skin, I
discharged one intermission of an induced current of moderate strength. To
my great surprise the tibialis anticus contracted singly, without producing
any reflex action in the other muscles.

I repeated this experiment seven or eight times in succession (that is, with
a single intermission of an induced current each time), and obtained always
the isolated contraction of the tibialis anticus, although the power of the
instrument was gradually increased to its maximum, and although the patient,

each time, experienced a marked sensation. It was also easy to obtain, in
the same manner, the contraction of every one of the muscles of the lower
limbs.

I repeated the same experiments, only employing a current of very rapid
intermissions in place of that with the intermissions distant. (The effect upon
the sensibility was heightened by the rapidity, a subject to which I shall

reciu- in the following chapter). The phenomena changed ; and the isolated
muscular contraction was followed by energetic contractions due to reflex

action. The very acute sensation experienced by the patient had been trans-
mitted to the nervous centres, and had produced reflex contraction.

It follows from tlie above that reflex contractions are produced
during electro-muscular excitation only in certain patliological

conditions ; and that it is possible even in these conditions to

make individual muscles contract singly, by directing upon them
an induced current of slow intermissions, so as to produce only a
moderate sensation.

It appears also to be shown that reflex action is more readily

provoked by excitation of the skin, than by excitation of the

muscular sensibility.

I used to accumulate here proofs in refutation of the objec-

tions urged against localized electrization in 1848
; and, if I still

recur to them, it is because a distinguished writer, M. J. Guerin, to

whom science is indebted for valuable contributions on muscular
pathology, has attempted, in a critical article published in the
' Gazette Medicale/ by objections founded upon the reflex action

of the cord, to set aside localized electrization, and all the

researches that flow from it.

From the whole of the facts, it appears, in the plainest manner,
that electrization will cause a muscle to contract singly, without

provoking other muscles to reflex contractions, even in the states

most favourable to the latter phenomena.
It has hence been possible for me to create this method, which

limits electric excitation to each of the organs, without its being

necessary to puncture or incise the skin. I shall now endeavour
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to explain the various procedures ; and shall treat in succession :

—

1, of muscuhxr electrization ; 2, of cutaneous electrization ; and, 3,

of the electrization of internal organs, the organs of the senses,

and of the genito-urinary apparatus.

Paet the Second.

localized muscular electeization.

In order to confine the electric action within one of the muscles,

or the nerves which supply tliem, is it a matter of indifference

which variety of electricity is used? This question can be

answered only by studying muscular electrization separately;

(1) by static electricity; (2) by contact electricity (muscular

galvanization) ; and (3) by induced electricity (muscular faradiza-

tion).

§ I. Localized muscular electrization hy static electricity.

I have already shown, in Chapter I., that static electricity cannot

penetrate to muscular tissue without also exciting the skin, on the

surface of which recomiDosition always occurs, and jDroduces an

electric spark. It, therefore, cannot be used for the comparative

study of the sensibility of the skin and of the muscles, in electro-

physiological and pathological researches.

The muscular contractions that it excites being inevitably

abrupt, cannot be used for the study of muscular function.

Lastly, the shock that is inseparable from its employment,

the rupture of capillary vessels that it occasions, the kind of

torpor that it produces in organs, the bulk of the apparatus by
which it is liberated, all these together, in a word, should restrain

more and more the use of static electricity in medicine.

It would nevertheless be a great error to reject static electricity

entirely, and always to prefer the dynamic, on the ground that the

latter is not attended by the same inconveniences, and because it

possesses special properties, marvellously appropriate, as we shall

see, to localized electrization. In my hands static electricity has

been of great utility in certain cases in which the other varieties

have been insufficient.^

In fact, the subcutaneous cellular tissue is sometimes so abundant,

or so intiltrated by serosity, that the most intense currents from

an induction-apparatus will not reach the muscles. We then may
find, in the discharge of a Leyden jar, an electric tension strong

enough to overcome the resistance of the tissue behind which the

muscles or the nerves are sheltered.

[See Note, p. 9.-77'. T.\
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I use the following method of discliarging the two electricities,

accumulated in a Leyden jar, upon the muscle that I wish to

excite, and of graduating the force in such a manner as not

to produce a general shock.

The apparatus necessary consists of an electric machine, a

Leyden jar, and a Lane's electrometer placed upon the table of

the machine.

The interior coating of the Leyden jar, A (fig. 2), is placed in

connection with the arms, c, of the conductor of the electric machine

B, by means of a conductor D. This interior coating also com-

municates with E, the knob of one of the horizontal branches of

the electrometer. This branch is insulated by the glass upright

F, on which it rests. The external coating of the jar is connected

by the conductor G' with the upright H, which communicates with

the second branch of the electrometer. Two excitoi's, terminating

in the knobs J and K, mounted on long insulating handles of

glass, are placed in connection, J with the branch H', K with the

extremity L, of the conductor of the electrical machine.

Fig. 2.

All things being thus arranged, the operator applies the exciter

J, which receives the positive electricity of the exterior coating of

the jar, to a point of skin over the muscle that he wishes to make
contract ; and when he desires to excite the contraction, he brings

the other exciter, K, which receives the negative electricity of the

interior coating, nearly but not quite in contact with the skin, over
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the surface of the same muscle. It is necessary that the extremities

of the exciters should always be at least two centimetres distant

from each other. The force of the discharge is regulated by the

number of revolutions of the plate. If only a feeble contraction

be desired, the exciter K is brought near to the skin after one or

two turns only. To obtain a stronger contraction, a greater or less

number of additional turns must precede the discharge. It may
happen, however, from error or inadvertence, that the jar is too

powerfully charged ; and that its discharge may produce either a

very strong contraction, or an action that penetrates to one of the

neighbouring muscles, or a very painful sensation, that is followed

by general excitement contra-indicated in the particular case. It

is to avoid such mischances, troublesome and sometimes dangerous,

that I use Lane's electrometer. Of its two uprights, H and F,

the former is movable, and can be made to approach or recede

from the latter by the screw M. A scale of millimetres, placed at

the base of H, indicates the distance between the balls J' and E'.

Before discharging the jar upon a muscle, I regulate the force by

approximating or separating these balls, according to the degree

of excitability of the muscle, the region in which it is situated,

and the therapeutic end that is desired. If I should be deceived

about the number of turns of the plate, the jar cannot be over-

charged, because the accumulated vitreous and resinous electricities

will remiite and neutralize each other between the two knobs E'

and J', as soon as they acquire sufiScient tension to overcome the

resistance of the intervening air ; a resistance which is well known

to be in direct proportion to the distance between the knobs.

Is it desirable to have recourse to the advantages of the above

procedure of muscular electrization, in the application of tension

electricity ? Is it not evident that it concentrates its action upon

the muscles that require treatment, without exposing healthy

organs, and especially the nervous centres, to the dangers of an

inopportune excitation ? Tiie procedure admits of directing very

strong discharges upon the muscles, when their pathological con-

dition needs such, either from atrophy, or from diminution or loss

of their irritability or sensibility.

When, on the contrary, the exciters are placed far apart, or one

of them is held, according to common practice, in one hand of the

patient, while the other is brought near to the diseased organ or

part on which the therapeutic action of electricity is to be directed,

we see the local effect complicated by phenomena of shock more

or less extended or general ; so that we cannot, without danger,

exceed very weak doses.

The phenomena of general shoclc are always the result of ex-
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citation of the nervous centres. They are analogous to an effect

that I propose to discuss in Chapter III., under electrization by-

reflex action. This excitation of the nervous centres may, it is

true, find its indication in electro-therapeutics ; but it should at

least be avoided when the indication does not exist, or when its

occurrence might be dangerous. It is this method of electrization

that occasions, in certain conditions, serious accidents, as I shall

show in the sequel; and yet mountebanks are permitted to practise

it in public places !

It is a great mistake to suppose it possible to localize electric

excitation in a muscle, by directing upon its surface the discharges

of a powerful electric machine. To correct this mistake, it is

sufficient to analyse the phenomena of interior recomposition

which produce a kind of shock in return, and which must neces-

sarily overrun the whole nervous system, when a portion of the

natural electricity by which the body is pervaded escapes from

a point on the cutaneous surface, to neutralize electricity of a con-

trary name proceeding from a machine in movement.

Another advantage in the employment of the Leyden jar is that

it then becomes unnecessary to use an electric machine of large size

and high price; which would with difficulty find a place in the

consulting-room of the practitioner. A small machine with a

single conductor, and with a plate fifteen or sixteen inches in

diameter, is sufficient to charge a powerful I^eyden jar ; the action

of which may always be diminished at pleasure by Lane's electro-

meter, used as described above.

§ II. Muscular electrization hy contact electricity, or localized

muscular galvanization.

I have said already, in the first chapter, which treats of the

physiological and therapeutical effects of the different kinds of

electricity, that galvanic electricity, administered with an inter-

mittent current, is distinguished from static, principally in that

it can be made to penetrate the skin without exciting it, and

that its action can be more easily localized in subcutaneous

organs. We shall see that galvanic electricity is useful to

localize electric action in the muscles or in the nerves that supply

them.

Unfortunately, many inconveniences attend the application of

this kind of electricity to muscular electrization.

The calorific and electrolytic action of galvanism, and its property

of acutely exciting the retina when applied to the face, are enough,

I think, to proscribe its employment in the study of muscular
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electro-physiology and jDathology, especially that which concerns

the individual muscular action, and the treatment, by inter-

mittent currents, of paralyses of movement, particularly when the

treatment requires frequent applications. What I have before

stated in the preceding (first) chapter, renders it unnecessary to

dwell on this part of the subject.

I.

—

Medical Batteries.

A.

—

Batteries of large surface and with inconstant currents.

For a long period, the only batteries employed in medicine were

those with inconstant currents, in which the electricity was pro-

duced by the action of sulphuric acid upon a plate of zinc ; while

a plate of copper was the collecting element. This was the pile

of Volta ; and it was tried in succession in many different forms.

All these forms, although they were for a long time used exclu-

sively, have now been abandoned for medical purposes ; because

they lose their power after a short period, and

because they vary much during the course of even

a single experiment, although it may last only from

ten to fifteen minutes. I shall therefore content

myself by briefly recalling them by the aid of figures

and descrij)tions taken, for the most part, from the

admirable treatise of M. de la Eive.'*

(a). The columnar pile of Volta (fig. 3) is cele-

brated as being the first form in which the illus-

trious inventor realized his conception. It was

speedily abandoned on account of the quick dessica-

F's- 3- tion of the circles of cloth or of paper which sepa-
Columnar Pile of Volta.

^^^^^^ ^j^^ ^-^.^j,,,^

(fe). The wooden trough battery with fixed metallic divisions,

called after its inventor the Cruikshank battery (fig. 4), is the

form in which the great battery was

made that was presented by Napoleon

to the Ecole Polytechnique in 1806. It

was with this that Gay-Lussac and

Thenard made their experiments in

1808. This form has many inconveni-

ences, especially that it requires much
time to prepare ; and that, unless the partitions are very securely

fixed, they allow of communication between the fluid in the several

cells.

Fig. 4.

Cruiksbank's Trougb Battery.

"• De la Rive, Traite d'Electricity tMorique et pratique. Paris, 1854, t. i.
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(c). The Cruikshank battery was replaced by the cylindrical

glass battery (fig. 5), already suggested by Volta, and known as

the crown of cups

{coiironne de tasses)

battery; or by the

porcelain trough bat-

tery, with movable

metallic elements

(fig. 6).

The Royal Insti-

tution of London
possesses a battery

of this construction,

containing two thousand pairs of elements. It was with this that

Davy and Faraday conducted their admirable experiments.

{d). Wollaston's battery (fig. 7) differs from the foregoing

chiefly in having the surface of the copper double that of the zinc,

by which the power is increased.

Cylindrical Glass Battery.

*• * S S S IS-
—

Si-—K^Af

Fig. 6.—Porcelain Trough Battery .= Fig. 7.—Wollaston's Battery.

(e). In the battery of Berzelius (fig. 8), the copper surrounds

the zinc, without touching it, and serves to contain the liquid. In

Fig. 8.— Berzelius's battery.

' An arrangement intermediate between the trongh battery strictly so called, and

the battery of a circle of cups.

E
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practice its employment has been attended with inconveniences

that have prevented its general adoption ; although it rendered

valuable service in the first researches into electro-magnetism.

B,

—

Batteries of large surface and ivith constant currents.

(a), DanielVs hattery (fig. 9). In 1836, Daniell contrived a

battery in which he succeeded in avoiding rapid weakening of the

action, or variations

of the power during

the passage of the cur-

rent. It is a battery

with porous organic

diaphragms, and with

two liquids, a solution

of sulphate of copper

for the copper, and

acidulated or saline

water for the zinc.

It is highly useful

for protracted experi-

ments, and especially

for inquiries into the

chemical effects of

the current.

(6). Groves constant lattery (fig. 10) resembles that of Daniell in

having two kinds of liquid and a diaphragui ; but the copper is

replaced by platinum, the sulphate of copper

by nitric acid, and the porous diaphragm

is of smooth unglazed porcelain. This bat-

tery is the most useful for the production

of the electric current ; because it combines

enormous power with a constancy only little

less than that of Daniell.

(c). Bunsens constant hattery (fig. 11) is

a modification of that of Grove by the sub-

stitution of carbon for the platinum. It is

constant for a longer period, but is less

energetic than that of Grove. It is much
in use, especially in Germany.

The batteries of Bonijol and of Deleuil

differ from that of Bunsen only in the form and place given to

the carbon.

Among all the foregoing batteries, that of Daniell has been

most generally employed for medical purposes.

Fig. 9.—Darnell's battery.

Fig. 10.—Grove's battery.
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The large batteries with extensive surface, which are at pre-

sent chiefly used in medicine, are the modified Daniell, the proto-

Fig. 11.—Buusen's battery.

sulphate of mercury battery of Marie-Davy, the sulphate of lead

battery of Marie-Davy, and the battery of Siemens (Remak's).

These forms will require more particular description.

(d). The halloon hatterij of Daniell, by Parelle (fig, 12). I used

for a long period, for the application of continuous currents, one

of the modified Daniell's batteries, which, of

the forms then known, was that which furnished

the most enduring and most steady, current.

Instead of having the positive pole within, and

the negative pole without, as in the original

form, the poles of this apparatus had tke con-

trary arrangement. The zinc ]3lates, 14 centi-

metres in height, were amalgamated, and im-

mersed in a solution of sea-salt, placed between

the porous cell and the external vessel. The
porous cells containing the solution of sulphate

of copper were surmounted by glass balloons

(inverted flasks) full of crystals of sulphate of copper, moistened

\\ith water. This arrangement gave way to the use of a very

large porous cell, in the middle of whicli was a grating supporting

Fig. 12.—A Iiauiell's ceil

\\ ilh Parelle's balloon."

•^ I, tube introduced into the balloon, immersed in the solution of sulphate of

A. C, lateral openings in the tube. D, D, copper. O, porous cell containing the

cover of wood, pierced by two openings solution. — conductor fixed to the zinc

for the conductors, -f rod of copper that surrounds the poroua^ell.

E 2
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a considerable quantity of the crystals, and supplying the action

of the battery for a long period.

For more than ten years, I have had constantly ia action, in

my room, twenty or twenty-five Daniell's elements of this arrange-

ment, some to charge my apparatus, others to work a telegraph,

bells, and an electric clock. To these, when united, I add at

pleasure a score of other elements of the same kind, which I have

used since 1860, for some new investigati(ms of the action of con-

tinuous constant currents ; investigations, the results of which will

be stated in Chapter III.

Well, notwithstanding the greatest care, this pile is far from

being constant ; and the least change of temperature is sufficient

to cause considerable changes in the force of its current between

one day and the next. These variations of temperature increase

or diminish the concentration of the saline solutions, whence result

proportionate variations in the strength of the current. To avoid

these considerable oscillations, it is necessary that the room in

which the pile is placed should be constantly maintained at the

same temperature, by an appropriate system of warming. This

precaution is indispensable in winter, because a frost will diminish

the power of the apparatus by one-fourth, one-half, or even more.

Changes of temperature also occasion damage and accidents to the

pile, which becomes encrusted, and the porous vases are broken

by the crystallization that takes place in their pores. In summer,

a Daniell's battery is always more powerful, because the saline

solutions are more concentrated ; but it is not the less exposed to

considerable oscillations, only not so considerable as in the winter.

It is said that a Danit?irs balloon battery will act for six months
;

but, under the most favourable circumstances, I have always cleaned

mine at least every three weeks. It requires experience to know

how dirty and tedious is that manipulation ; and it will be found

necessary, on each occasion, to replace a greater or less number

of the porous cells, and of the balloons, so that the maintenance of

the apparatus becomes somewhat costly.

(e). Marie-Davy s hattery of protosuljyhate of mercury. The de-

sideratum that I have pointed out appears to me to be fulfilled,

in great measure, by the protosulphate of mercury battery of M.

Marie-Davy (fig. 13).^ This battery has been used at the Ministry

of the Interior, for the service of the electric telegraph, for a period

of eight months, requiring no other care during that time, than

an occasional addition of water to supply the loss by evaporation.

Tho current appears to have been, in this application to telegraphy,

' M. Marie-Davy presented his battery to the Academy of Sciences in 1854.

.i
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Fig. 13.—Ciil IVoni :Murie-D!ivy's

protosulphute of mercury battery .«

as constant as that of a Daniell's pile. I have constructed in

my rooms a battery of proto-sulphate. of mercury, of forty ele-

ments, like that used at the Ministry of the

Interior. I have kept it in action for com-

parison with the Daniell's battery, and for

the performance of some new electro-physi-

ological and therapeutical experiments upon

the most constant cuirents. During more

than eight months it has been in action,

preserving nearly all its original power. I

have simply poured into it, from time to

time, a little water to fill up the cells. This

battery has not appeared to me to be so

sensitive to variations of temperature as

that of Daniell ; and, during the winter, it has not broken a single

porous cell. Its elements have only one-third the surface of those

of Daniell ; and, consequently, it occupies much less space, and

gives a smaller quantity of electricity. It possesses, however, a

greater electro-motive power than the battery of Daniell.

Unquestionably, in some respects, the battery of sulphate of

mercury is inferior to Daniell's. Thus it polarises more ; and

wastes more rapidly nnder the influence of closure of the current

by a metallic conductor, especially when the current is too long

closed. My electric clock, for example, Avhich closes the circuit

for one-half of each second, exhausts in a few days (in three days)

a sulphate of mercury battery, the porous cell of which has been

filled by the salt ; although it will go for three weeks with a

Daniell's battery, preserving a sufficient force.

Fortunately, however, this polarisation and rapid exhaustion of

the sulphate of mercury pile, under the influence of too prolonged

a current, are not observed, or only in a slight degree, when the

intra-polar conductor is organic, or, in other words, is a bad con-

ductor. Thus I have passed a continuous current from my pile,

for twenty or thirty minutes, through the upper limbs, the hands

being placed in basins of water, and each hand holding an elec-

trode, without the current being much enfeebled after the operation.

•For medical uses the importance of this fact is manifest.

One of the greatest inconveniences attending a Daniell's pile,

especially for medical purposes, is that it exhausts and tarnishes

itself in repose nearly as much as in action. Fifteen elements of

my Daniell's pile had been at work for three weeks, for the ap-

' Z, zinc. C, carbon collector. D, porous cell containing the protosnlphate of

mercury. V, external vessel.
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paratus iu my rooms, for my bells, chamber telegraph, and electric

clock, while other fifteen elements had been at rest for the same

period. The latter were nearly as much soiled and enfeebled as

the former.

I shall show hereafter how, by means of an apparatus that I

have called the isolator and distributor of the battery currents,

I have been able to moderate this rapid exhaustion. The sulphate

of mercury battery, however, wastes but little during the intervals

of its application, and may, without doubt, be kept in activity a

considerable time, as much as six or eight mouths, for certain

purposes. The power to preserve a sulphate of mercury battery

for so long a time without having to devote to it incessant care,

gives it an incontestable superiority over the Daniell's ; and the

ao-o-regate of all these advantages induces me to give the pre-

ference to the sulphate of mercury, for the application of con-

tinuous currents for physiological and therapeutical purposes.

The description of this battery is not yet to be foun 1 in standard

works ; and I will therefore describe here the one that I have had

constructed upon the model of that at the Ministry of the Interior.

Each element is composed (1) of an exterior glass cylinder (V, fig.

13) ; (2) of a cylinder of zinc, Z
; (3) of a porous cylindrical cell,

D; and of a piece of carbon, C, placed within it. The external

cylinder, eight centimetres high and six in diameter, is one-third

full of water, in which is immersed the zinc. This is seven centi-

metres high, and is formed into a cylinder four centimetres and a

half in diameter. The porous cell, as high as the zinc and three-

and-a-half centimetres in diameter, is a third full of paste of

protosulphate of mercury,^ in which is placed a piece of carbon

twelve centimetres high, two-and-a-half wide, and twelve milli-

metres in thickness. A plate of copper, riveted and soldered at

one extremity to the zinc of one element, is placed in communica-

tion wdth the carbon of the next. It is unnecessary to say that a

battery formed of forty of such elements is put together like all

other i3atteries for obtaining physiological efiects. The details are

given in elementary treatises on physics. Many inconveniences

have led me to doubt the excellence of this battery. The plates

of copper oxidize rapidly at their points of contact with the

carbon ; and break on account of their amalgamation with

the mercury. I have obviated these inconveniences by giving the

pieces of carbon such a height that the acid mercurial solution

9 To make the paste, a sufficient quan- ! it into a paste. The preparation should

tity of water should be poured upon ' be made at the time of setting up the

enough powdered proto-sulphate of mer- pile,

oury for all the elements, and mixed with
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ascends with difficulty to the point of contact ; and I have checked

endosmosis by dipping the upper end of each carbon in melted

wax, which, in cooling, fills the pores into which it has penetrated.

For greater firmness, I have covered this upper end with a coat of

varnish, except at the points of contact. Lastly, I have platinized

the plates of copper at their points of contact.

(/). Marie-Bavx/s suljohate of had hattery.—The high price of

protosulphate of mercury has probably stood in the way of its

introduction into common use. This would doubtless be foreseen

by the inventor; who has employed himself in endeavours to

remove the obstacle. Moreover, the battery leaves us something

to desire, as I have said, with regard to the constancy of its

action.

It has occurred to this ingenious physicist : (1) to replace the

mercurial paste by a paste made with powdered sulphate of lead

and a saturated solution of marine salt
; (2) to substitute for the

carbon a thin plate of tinned copper, seven centimetres square,

and rolled upon itself; (3) to fill the space between the porous

cell and the external vessel with a concentrated solution of

marine salt
; (4) to coat with tin the plates of copper that form

the connections between the two parts (zinc and lead) of the

battery.

Thus formed, the sulj^hate of lead battery affords a current of

the greatest constancy. In a damp place and in an even tem-

perature it has been in action for more than a year in my room,

requiring no farther care than to replenish the saline solution

from time to time, so as to keep it always at nearly the same level.

It is much less costly to procure or to maintain than the battery

with sulphate of mercury ; and for all these reasons I prefer it to

all others for the application of continuous or interrupted voltaic

currents. But, as its electro-motor force is less by one-half than

that of the sulj)hate of mercury, I have found it necessary to

increase the number of the elements in order to meet the demands
of practice. Moreover, its bulk is such that it is only applicable

in my own house.

{g). Siemens' hattery (called also Remak's).—Quite recently, a

battery, invented by a very distinguished Prussian engineer, M.
Siemens, has been much extolled in Germany. It is often called

also Eemak's battery ; from his having rendered its use general

in medical practice.

This battery of Siemens' (fig. 14) is no more than a modification

of Daniell's, in which the inventor has sought chiefly to increase

resistance by placing between the porous cell that contains the

sulpliate of copper and the zinc a paste of paper and sawdust
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Fig. 14.—Cell of Siemen
(or Remuk's) battery .1

moistened with water, and by increasiDg considerably ttie distance

between tlie zinc and the porous cell. This particular arrange-

ment affords the most constant current of any of the modifications

of Daniell, and it is the one which will work
for the longest time, they say, without re-

quiring to be touched. Can it be said that

it is not necessary to renew from time to time

the crystals of sulphate of copper contained

in the glass tube ? After having become con-

siderably weaker during the first three or four

weeks, a Siemens' battery will, indeed, remain

nearly stationary for a year or more. If it

only becomes constant when it has lost three-

f(3urths of its power, this is paying a little

dearly for the constancy.

This battery, which is quite sufficiently dear, is excellent for the

application in medicine of continuous constant currents, but is

defective for all other purposes.

For this reason I still prefer the employment of the sulphate of

lead. It furnishes a current not less constant, it will work for a

long time, not requiring to be cleaned, or to have the sulphate of

lead renewed, before the lapse of about a year ; it requires no other

care than to pour, from time to time, a little salt water between

the porous cell and the external vessel ; its electrolytic action is

not considerable ; it is adapted for the application of continuous and

constant currents to therapeutics or to physiological experiments
;

and it will at the same time work my domestic telegraph and my
electric clock ; and, finally, it is moderate in price, and not too

bulky.

[Stohrer's Battery with Lifting Apparattcs.—'Stohrer, of Dresden, has con-

structed a very excellent battery for medical purposes. This battery consists

of carbon and zinc, without an earthenware cell. The carbon (fig. 15),

hollow within, filled with sand, and closed by a glass stopper, serves for the

reception of a concentrated solution of chromic acid in water. Of this

solution, ten or twelve drops will suffice for a long time. In daily and
continued use, this portion must bo renewed as often as the diluted sulphuric

acid in the glass. The zinc surrounds the carbon; but is kept from
contact by glass insulators. These elements are placed in a circular glass

cell, which serves for the reception of diluted sulphuric acid. This cell

* A, porous diaphragm cemented to

the glass tube B, tilk'd witli a solution of

sulpliate of copper and with crystals.

C, plate of cojiper fixed in the porous

diaphragm, and communicating with the

e,xterior by the wire C. Z, a cylinder of

zinc surrounding the glass tube, and
communicating witli the exterior by the

copper wire Z'. D, paste of paper placed

between the diaphragm and the external

vase, and below the zinc. E, saw-dust,

filling all the space between the glass

tube, the external vase, and the paper

paste. The whole of the battery is

moistened with water.
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is so arranged in the completed apparatus, that it can be moved vertically up
and down ; and can be fixed at any point. By this arrangement, the acid can
be brought into contact with the whole, or with part of the zinc and carbon

;

or, by shutting down the glass, can be excluded from them altogether. In

Fig. 15.—Stolirer's battery. I ig. lb —jMunhead's battt-rv.

the latter case, the acid will only fill the lower third of the glass. The
advantages arising from being able to remove the elements at once and
Avithout difficulty from the exciting fluid, and from the equal facility with
which they may be brought into action, are obvious. If the battery be in
daily use, the zinc would require to be re-amalgamated, and the acids renewed
every six or eight weeks. Twenty-four or more pairs of the elements are
arranged upon a stand to form a battery for medical use.

Muirlteads Battery.—This form of battery, as adapted for medical puri^oses
by Mr. Becker, of the firm of Messrs. Elliott Brothers, is in use at the National
Hospital for the Paralysed and Epileptic. It is a modification of Daniell's
battery, and has been largely employed in this country for the electric telegrai)h.

The tension of the battery is low, but the action is very uniform. Tlie ele-

ments consist of a zinc plate (fig. 16, z), unamalgamated (3| x If x |- inches),

and of a thin copper plate, 3|x3| inches (fig. 16, c). The copper plate
is immersed in a solution of sulphate of copper, placed in a porous cell

(fig. 16, p) ; tiie zinc plate i^. immersed in simple water, contained, with the
porous cell and its content?.', in a quadrangular porcelain vessel. The j^orce-

lain vessels are constructed in couples, each holding two pairs of elements,
and five of these couples are packed in a strong oak box. The arrange-
ment of the battery adopted at the National Hospital for the Paralysed and
Epileptic, as least complex, is that shown in fig. 17, in which ten boxes, con-
taining 100 pairs of elements, are placed upon a simple open stand.

In using this battery for medical jnirposes, single jmirs of elements are not
brought into action. The pairs, to the eightieth pair, are grouiDed in sets of
five ; and the remaining twenty are grouped in tens. The terminal wires
of the cells thus arranged, are attached to buttons in rear of two re-

volving discs, numbered respectively from 5 to 45, and. from 50 to 100;
and by turning the discs, the operator, without detaching the conducting
wares with which the rheoi^hores are connected with the instrument, can
bring into play the current from as many sets of cells as he desires.

When in daily use, the cells require to be recharged, and the zinc plates

cleaned every two months ; and new zinc plates are needed every eighteen
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months. Mr. Becker has added to the battery, as a means of ascertaining its

state of action, and as a guide to the operator, an ingeniously constructed
tangent galvanometer. The battery, when freshly charged, and all connections

Fig. 17.—Muirhead's battery as arranged at the National Hospital for the Paralysed and Epileptic.

cleaned, is in its most effective state; but as the strength gradually
diminishes, it is essential for the medical practitioner to know the degree
of diminution at any given time, in order that he may determine the number
of cells to be used. The galvanometer coil has about one unit resisttxnce, and
in the foot of the instrument a bobbin is inserted, which has aliout 130 units'

resistance, and which has no influence on the needle. This additional
bobbin is inserted to make the resistance of the galvanometer somewhat
equal to the resistance of the battery itself. The terminals are connected
with a simple commutator, so that the current can be made to traverse the
galvanometer or not.

When the battery is in perfect action, it has been found that

—

5 cells give 45° deflection.

10
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10,000 B A units in circtiit, gave 13° deflection.

5,000 „ „ 23°

3,000 „ „ 33°

2,000 „ „ 41°

1,000 „ „ 55°

500 „ „ 63° „
300 „ „ 66° „
100 „ „ 70°

This table may give a hint to the operator, in what degree the resistance of
more or less of the human body influences the effective strength of the
battery, although it must be borne in mind that the human body has a very
variable resistance.

The Becker-Muirhead Battery has been in use at the National Hospital for the
Paralysed and Epileptic, and in my own private residence for several years.^
With ordinary watchfulness of its state of action, and care as to regularity
in re-charging and cleansing, it has proved a very effective and trustworthy
instrument. For a fixed, large surface, constant-current battery, it is the
form best fitted, to the present, to meet the wants of the English practitioner.
For, from the large extent to which IMuirhead's battery is used for the electric
telegraph in the kingdom, Uttle difficulty is experienced in making good
accidental damage, or necessary deteriorations, at a reasonable cost. More-
over, from the simplicity in detail of the instrument, it can be cleaned,
re-charged, and repaired with facility by a person of ordinary intelligence—
H. T.-]

C.—Portable haUeries of small surface.

In order to diminisli certain inconveniences of the batteries of

large surface, instruments have been designed composed of a great

number of small elements, which can be combined within a narrow
compass ; and which, in little bulk, possess sufficient electro-motor

power, without our having to fear too great calorific or electrolytic

action.

I proceed to give a description of several forms of these small

electro-motor instruments, which constitute a real progress as

regards their therapeutical .application in certain cases ; although

they are, for the most part, far from combining all the conditions

that are to be desired.

(a). Gaiffes portable battery of chloride of silver.—M. A. Gaiffe,

favourably known by the ingenious arrangements of his instruments

for medical electricity, has sent me a description, or rather a

detail, of a portable batteiy of constant continuous current that

he has constructed. It is the chloride of silver battery of MM,
Marie-Davy, E. Becquerel, and Warien de la Kue ; who, at dif-

ferent times, have made communications with regard to it. The
original idea belongs to M. Marie'-Davy ;^ and M. Gaiffe has

* [In my own honse the battery is mental modes of jjacking, if such be re-
placed in a closet on the area floor, and the quired. Giving off no fumes or odours,
conducting wires with discs brought into it may be placed in any room without
the consulting-room. I may add, inci- hesitation, never becoming offensive.

—

dentally, that this form of battery lends I H. 3'.]

itself very readily to ingenious and orna- '

' See, for the method of re-chargiug
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rendered it applicable to medical uses by the improvements that

he has introduced. The followino- is the notice sent to me on the

subject :

—

'• The apparatus (fig. 18) is fitted in a box, the size of which

dej)ends upon the number of elements that it contains. The lox

Fig. 18.—G;iiffe's portable batteiy of chloride of silver.

for thirty-six pairs, represented in fig. 18, is 20 centimetres high,

20 long, and 18 wide.

" A double top C D E F, which forms the upjjer part of the

box and covers the battery, serves to support the various ap-

pendages necessary for the use of the instrument. These are,

A, A', electrodes which deliver the current, and fiom which the con-

ducting wires proceed ; M, j\I', handles by v^hich to combine, in

greater or less number, the elements of the battery, and to direct

the current in the course desired ; G, a galvanoscope, serving to

show the passage of the current.

"All the pairs, being identical in size and arrangement, can be

placed in the box one for another ; and they are so constructed

that they can only be placed in a position proper for their being

combined. The various contacts are made automatically by

putting the elements in place.

the cells, the fourth page of M. GaiiTe's

priuted instructions The cells are

charsfed in the same manner in the

instrument for the continuous

that for the induced current.

and
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" This general arrangement of tbe instrument greatly simplifies

its manipulation, and will promote the extended employment of

the continuous current.

'• A pair of elements with chloride of silver, having eight square

centimeties of working zinc surface, will correspond, as regards

quantity, to a new and well charged pair of Kemak's. The electro-

motor force is a little less, about in the ratio of 5 to 6. In order

to obtain the equivalent of a cumbrous Eemak's battery of 24

pairs, it is sufficient to have 36 pairs of chloride of silver with

eight centimetres of surface.

" Lastly, the cost of the battery does not exceed thirty centimes

the working hour, when the human body forms part of the circuit."

I have now experimented with this battery for about a month,

and have been well satisfied with the results obtained. Its

transport is as easy as that of an induction instrument ; and its

application requires none of the manipulation inevitable in the

use of other batteries ; but I have not had it under observation

sufhciently long to be able to determine its actual value, or to say

how far it fulfils the promises of the inventor with regard to its

electro-motor force, and with regard to the constancy of its con-

tinuous current.

(h). Small columnar j^ile of the Conservatoire des Ai'ts et Metiers.—

There has long been made in England a small columnar battery

(a diminutive of Volta's pile), of which each disk, formed of two

plates of copper and zinc soldered together, has a diameter of

about one centimetre and a half. This battery is formed of a

greater or less number of couples. The disks, and the circles of

cloth wliich separate the couples, all have a central perforation, by

which they are strung on to a cotton wick, so as to form a little

column. To excite tlie battery, the whole is dipped in vinegar.

The circles of cloth and the cotton wick remain impregnated with

the liquid for some time after they are withdrawn from it. The

current of this pile is sufficiently steady ; because the acid used

(vinegar) attacks the metal plates slightly.

This little pile occupies only a small space, but it requires to be

cleaned after every time of using, and thus occasions much loss of

time. From the number and the small surfaces of its elements, it

increases the physiological power of the battery while diminishing

its bulk and calorific action. This was evidently an improvement,

the utility of which, unfortunately, was little understood, for the

apparatus has remained almost unknown; and the idea which

governs its construction has been too long neglected.

[Hammond's columnar lattery.—Dv. William A. Hammond, of New York,

has devised a very ingenious columnar battery, of the effects of which he
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speaks very highly, when he has had occasion to make use of the interrnpted
galvanic current in the treatment of infantile paralysis, the variety he terms
" organic," and to which Duchenne has given the designation " fatty atrophic
paralysis of infancy" {yaralysie atrophv/ue graisseuse de Tenfance). The
following is Dr. Hammond's description of this instrument :

—

" It consists of a series of elements formed of plates of perforated zinc

and copper, as shown in fig. 19. These plates are soldered together, the

copper being bent over at the sides, the zinc laid ujion it, and the two
securely fastened. A thin piece of wood is then jilaced between the plates,

to jirevent their being pressed together. The elements rest upon a plate of

hard rubber, and are kejot in place by four hard rubber rods. Two other

plates of hard rubber, having each a large hole in the centre, and four holes

for the rods, rest on the top. These are kept in place by pins which pass
through holes in the rods. The whole is hung to an iron or brass support
as shown in the figure, and a saucer underneath catches the vinegar used to

set the instrument in action.
" To arrange the apparatus, an element with a copper wire soldered to

the copper plate, is placed uiion the lower piece of hard rubber; upon the

element, a piece of flannel, and so on. The elements are so placed that

the copper is always below. The last element has a i^iece of copper wire

soldered to the zinc plate. Insulated wii'es are used to connect the poles

with the electrodes.
" To set the apparatus in action, strong vinegar is poured upon the top.

It passes through the elements, and moistens the flarmel. If the plates

Fig. 19 —TIammnnd's columnar batteiy.



MEDICAL BATTERIES. 63

were not perforated, the flannel wonlcl only be moistened at the edges, and

thus a great loss of power would be the result.

" Copper gauze may be used instead of jjerforated copper plates."*
—

' The
Qi;arterly Journal of Psychological Medicine and Medical Jru-isprudence/

vol. i. pp. 62, 63.)—//. T.]

(c). Galvanic chains of Golberger and of Puhermacher.—Of late

years the little voltaic instruments known as" galvanic chains have

been introduced. They rest on the same i^rinciples as the fore-

going; that is, they are formed of a great number of elements

having but small surface.

The first chains of Golberger, which possessed no kind of pro-

perty, because the elements that composed them were not disposed

in the manner necessary to establish a galvanic current, soon gave

origin to the galvanic chains of Fulvermacher (figs. 20 and 21).

Fig. 20.—Pulvermacher's galvanic chain. Fig. 21.—Another lorm of Pulvermacher's galvanic chain.

These are admirably combined to produce, in small bulk, galvanic

currents of great pliysiological power, with but moderate calorific

action. They are arranged in the following manner. Each couple

is formed of a zinc wire, rolled in a close spiral, but with its coils

not in contact, around a cylinder of wood one-and-a-half or two

centimetres in length and five or six millimetres in diameter.

These couples are united together by little rings of copper, the

copper wire communicating with the zinc, and vice versa, forming

chains varying in length according to the intensity that is desired.

In this way may be formed batteries of 300 or 400 elements.

The chains, having been steeped in vinegar, yield currents, and

preserve this property for many hours; although they become
much weakened in a very short time. Pulvermacher's chain, which

These batteries are manufactured by Messrs. Chester, of New York,
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is thus a happy modification of the voltaic pile, has been prin-

cipally intended to be employtd as a topical application; and the

electro-cntaneous excitation that it produces has been found useful

in the treatment of obstinate rheumatoid or neuralgic pains. But
the continued interruptions due to its mobility and its rapid

polarisation render i"t an apparatus ill suited for muscular electri-

zation, and especially for the application of continuous currents.

[Pulvermacher has recently effected a considerable improyeroent in the
construction of his chain battery. He has discarded the cylinder of wood, and
substituted for tlie wire thin zinc and copper plate. The dimensions of the
elements of the different sized chains remain the same, but each segment
is formed of a cylinder of copper plate, pei'forated with longitudinal open-
ings ; and within the copper cylinder is a cylinder of zinc without perfora-

tions. The zinc is sejjarated from immediate contact with the copper by
a few stout threads. An unbroken link, which forms part of the copper
cylinder, serves as the means for joining the several segments. This construc-

tion permits the withdrawal and renewal of the zinc cylinder when neces-

sary.— //. 2'.]

(d). Bihbon hattery of DucJienne.—To avoid the inconvenience of

mobility of the elements, I constructed a small voltaic apparatus,

resting also on the principle of the multiplication of elements

with diminution of their surfaces. It was formed of little cubes, a

centimetre and a half in height, each composed of a band of zinc

and a band of copper, folded repeatedly upon tliemselves, and

separated by a small diaphragm of linen, or, better still, of gold-

beater's skin. These little cubes, connected by soldering, and so

adapted that the bands of copper communicate with the bands of

of zinc, were fixed in a wooden frame (fig. 22).

Fig. 22.—The Ribbon battery of Pucbenne.

One hundred and fifty of these little elements were arranged

in a frame, having a surface of sixteen centimetres by twelve. I

called the apparatus the ribbon battery. In order to put it in

action, it was i)laced for a few minutes in a vessel of vinegar. A
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rheotome (instrument for causing intermissions) moving by clock-

work, and connected with one of the poles, allowed me to obtain, at

pleasure, intermissions of greater or less rapidity.

It is not necessary to describe the advantages of this ribbon

battery, in which the elements are fixed and soldered to one

another; advantages that I have not found in Pulvermacher's

chains.

The latter form of battery is only fit to be used for topical

applications; the former is more trustworthy, and more con-

venient, when it is wished to produce localized galvanization.

Lastly, the ribbon battery is more powerful than a Pulver-

macher's chain, and is not, like it, exposed to a very rapid de-

terioration.

(e). Small tension haitenj of Alph. Mathieu.— I prefer to my
ribbon battery the small electro-motor apparatus represented in

fig. 23. Conceived in the same spirit, it differs from the ribbon

Fig. 23.—Electro-motor instrument of Alph. Mathieu.

battery in its more simple and more skilful construction, and in

being easier of management, rather than in any difference of its

elements. By means of an ingenious mechanism, forming part
of the apparatus, a continuous current may be used, or one with
intermissions either very rapid or more or less slow, through a fly-

wheel which continues to revolve for from ten to fifteen minutes

F
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when once an imi^ulse has been given to it.^ The following is a

description.

This battery, of small dimensions, is contained in a handsome

box, divided into an upper and a lower part. The lower part

receives the liquid required to charge the battery. In the

upper part, a tablet of open work receives the extremities of 400

cylindrical elements. These elements are contained one within

another in pairs, one of brass in one of zinc, and are separated by

a slight porous tube, rendering each pair equivalent to a galvanic

couple. The liquid surrounds them on all siies, within and with-

out, and descends along the sides when the battery is in action.

Between the lid, which is closed by a glass, and the space oc-

cupied by the battery, is placed the mechanism for intermissions.

On the right are the knobs that govern this raeclianism. The
movement is furnished by a fly-wheel, started by a rack C.

The rapid intermissions are produced by the vibrations of a spring,

struck by the fly-wheel. The slow intermissions are produced by

means of two toothed wheels, also guided by the fly-wheel, and

acting by means of pegs upon a lever arranged for the purpose.

Each wheel produces a different intermission ; and one or other of

them is put in action by the play of a slide, worked by drawing

out the stop A.

On the left are the binding screws, N P, for fixing the con-

ductors. For the continuous current, the knob D must be turned

until it is stopped. The knob 13, which may be turned more
or less up to its point of arrest, serves to graduate, with perfect

regularity, the electro-rnotor force of the current.

The exciting liquid having been poured into the lower compart-

ment, the elements are immersed by pressing upon the knob E.

After a few minutes, they may be raised to their former position.

The pile is charged with common vinegar, or with pyroligneous

acid, pure or diluted, or with glacial acetic acid, in the proportion

of about ten grammes to the half litre of water, or even with salt

and water.

If it be desired to carry the apparatus about, the liquid must be

emptied out ; and, this done, the battery will continue in action for

a whole day, without a sensible diminution of force.

[Foveaux's portaMc battery. — M. Eoveaux, of the firm of Messrs. Weiss
and Co., has recently designed and constructed a portable battery, which
surpasses all others with which I am acquainted for efficiency of action, com-
pactness consistent with efficiency, and freedom from the annoyances which
too often attach to batteries of which smallness of bulk is an important
condition. This battery is formed of fifty pairs of Smee's elements, packed

' This instrument is made by tiie inventor, M. A. Alph. Mathieu, mechanician.
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into a handsome mahogany box, which measures in length 14 inches, in

breadth 7^ inches, and in height 10 r inches (fig. 24). The cells containing

Fig. 24.—Foveaux's portable battery

the exciting fluid (diluted sulphuric acid), and which are constructed of

vulcanite, are attached to an ingeniously devised lifting arrangement. "When
the lid of the box is closed, and the battery is out of use, the cells and the

contained exciting fluid are depressed beneath the elements, and the latter are

no longer immersed. "When the lid of the battery is raised, to place the

instrument in use, the cells are elevated and the elements immersed in

proportion to the extent to which the lid is thrown back. By this arrange-

ment the zinc is withdrawn from the destructive action of the acid when the

apparatus is not in use, and the waste of the element may be obviated to the

greatest extent. I have used this battery chiefly, as yet, in cases in which
the interrupted galvanic current has been reqiiired for diagnostic or thera-

peutical purposes. A battery with the elements similarly arranged, but
somewhat ditterently packed (an earlier arrangement of M. Foveaux's), was
largely used for six weeks at the National Hospital for the Paralysed and
Epileptic, and at the end of that time was still effective. As a portable

battery, and for diagnostic purposes, Foveaux's battery leaves little or

nothing to be desired. It is exquisitely constructed, and fully supplies a long

felt need.—i/. T.]

It has been said already that the calorific and electrolytic

action is diminished in the forms of apparatus just described

(the columnar battery, Pulvermacher's chain, Duchenne's ribbon

battery, Mathieu's battery), but it is not so much diminished that

it cannot be used in case of need. In fact, all these instruments

may be made entirely to disorganise the skin, causing it to pass

through every stage of burning, when their action is limited to

tliis organ. They may consequently replace, in a certain degree,

F 2
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the moxa and transcurrent cauterisation.*' They are even prefer-

able to those means, since they may be made to produce an action

more or less gradual, according to particular indications, while the

pain ceases immediately after the formation of the eschar. Those

who have prescribed the therapeutic application of the batteries

of small surface have too often forgotten the dangers or the incon-

veniences of their calorific or electrolytic action.

These instruments, having the power to produce energetic

muscular contraction, appear, at first sight, likely to be very

useful in the treatment of paralysis. Unfortunately, they rapidly

become enfeebled ; almost immediately, indeed, after being set in

action. To illustrate this, it will be sufficient to relate a single

experiment with a Pulvermacher's chain. I directed an inter-

mittent current upon the biceps of the arm, the apparatus being

at its maximum. The contraction of the muscle was such, at the

first intermittence, that the fore-arm was strongly flexed upon

the arm, and the patient experienced an acute sensation. But the

second contraction was a little less strong than the first, and each

successive contraction became weaker, until, after about twenty

intermissions, the muscle scarcely contracted at all. I repeated

this experiment frequently on different muscles, and found that the

weakening was more rapid the more frequent the intermissions.

The continuous current, again, exhausts the apparatus more quickly

than the intermittent. These little instruments are powerful, there-

fore,—on the condition that they are not set in action ! The weaken-

ing, however, is only temporary ; and, if the current be out of use

for a quarter of an hour, the apparatus will recover its original force.

The temporary weakening of these small voltaic piles, even

under the influence of intermittent currents, joined to their

continual and progressive exhaustion, renders it very difficult to

measure or calculate their action. On account of the sources of

weakening to ^^hich their physiological action is exposed, these

batteries of small surface are, it may be conceived, inapplicable to

the localization of electric excitation in individual muscles or

nerves, and especially for the electro-physiological and patho-

loo-ical researches which require extreme precision. How, in-

deed, can we measure a force that is subject to such variations ?

How can we graduate the dose to the excitability of the organs,

so different in different states of health or of disease ?
^

6 If it be cicsiiecl to produce deep and
|

pile of M. Grenet [or the battery specially

rapid cauterization, as by a moxa, it is
[

constructed for tlie piu-pose by Stohrer,

necessary to use a battery of large sur- of Dresden.

—

H. T.~\

face, like that contrived by M. Reguault, !

' M. Keuiak, criticising my statements

and already described at page 16 ; or,
:
on the action of the galvanic current, has

still better, the powerful and ingenious written (Galvaiiotherapie, Paris, 18G0,
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The considerable and ra23id polarization produced in the small

galvanic batteries by the continuous currents, prevents them from

being used for the physiological or therapeutical study of such

currents.

Among the galvanic batteries of large surface that I have

described above, those only of which the current is most constant,

and of which the electro-motor force is the greatest, are applicable

to localized muscular galvanization.

II.

—

Operative Procedures for Localized Galvanization.

The precepts that it is necessary to observe, in order to practise

localized muscular galvanization by intermittent currents, are

absolutely the same with those about to be stated for the practice

of localized muscular faradization.

§ III.

—

Localized electrization hij induced electricity, or localized

muscular faradization.

Of the three kinds of electricity, induced electricity is the most
fitted for muscular electrization, especially when that operation

requires to be jJi'actised frequently, and for a long time. To be

convinced of this, it is only necessary to recall what has been said

in the first chapter, on the special therapeutical and physiological

effects of each kind. Thus faradization excites the most powerful

muscular contractions, without at the same time acutely exciting

the cutaneous sensibility, without producing shock, without throw-

ing the organs into a kind of stupor, without rupturing capillary

vessels ; in a word, without occasioning, like static electricity,

any accidents from which the patients might recover with diffi-

culty. We know, again, that galvanism and faradism possess,

in a nearly equal degree, the power to penetrate more or less

deeply beneath the skin ; or, in other words, to concentrate their

action on muscles or nerves, without affecting the skin ; but that

the chemical and physiological properties of faradism are infinitely

little developed as compared with those of galvanism, and are too

weak to be appreciable during muscular faradization. We know,
lastly, that faradization produces only a faint phosphene ; and that

its action upon the retina does not complicate in a distressing

manner, like that of galvanism, the electrization of the muscles of

p. 46) :
—" M. Duchenne appears to be

|

or has he not understood the question
ignorant of the difierence which exists

[
at issue, which refers only to small vol-

between a constant and an inconstant taic batteries ? I am not aware that M.
chain ; although he lives in Paris, near
M. Becquerel, the celebrated inventor of

constant chains." Is this good faith?

Becquerel's constant chains have been
used for medical purposes.



70 LOCALIZED ELECTRIZATION,

the face. We have, therefore, good reason to say that faradic

electricity, which in no way alters the tissues, is essentially

medical electricity.

It is when we wish to limit exactly the power of electricity upon

certain muscles or fasciculi, or upon individual nerves, that we

understand the value of faradism, and the need of employing those

induction instruments which unite all the properties that I have

been describing.

I.

—

TJie historic question.

Before proceeding to explain the method of localized faradiza-

tion, of which, whatever may be said by M. Becquerel, I deem

myself to be unquestionably the inventor, it is necessary to glance

at the historic question.

From the time when the pile of Volta was first applied to electro-

physiological experiment, all the world has seen that rheophores,

placed upon the moist skin, over masses of muscle, called those

masses into contraction at the moment of completing or of

breakino- the circuit. No refinement of observation was needed in

order to establish this fact, which, moreover, was mentioned in the

accounts given of physiological experiments made with voltaic

currents, prior to the discovery of induced electricity.

Still later, when induced currents were for the first time applied

to electro-physiological research, it would have been necessary to

be blind in order not to observe that the rheophores, when placed

upon moist skin, produced contraction of the muscles beneath, as

had long been known to be the case with intermittent galvanic

currents.

At the time when I commenced my experimental researches

upon localized electrization, every one used moist rheophores in

order to provoke, by their application to the surface of the skin,

muscular contractions by means of any kind of battery or any

apparatus of induction.

It was certainly not with such insufficient ideas, and by such

coarse methods, that I have been able to establish the method

that I have called localized electrization, and more especially

localized faradization. This method was only really created on

the day when I discovered the means of confining to the surface

of the skin the action of even the most intense induced currents

;

and when I had shown, by experiments upon mankind in a normal

state, as well as in certain pathological conditions, that it was

possible to make induced currents penetrate the skin without

exciting it, and to concentrate their action upon the organs

beneath. It had not really deserved the name of localized elec-
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trization until it Lad been rendered clear by special anatomical

and electro-physiological knowledge. Then, with the help of

induction instruments and of appropriate rheophores, it became

possible for me to lay down the rules by which electric excitation

may be limited to different depths, to each muscle, or group of

muscles, to each nerve, and to a great number of internal organs.

I am indebted to the use of localized faradization, by the methods

which I am about to explain, for the discovery of the individual

actions of many of the muscles.^ This method, applied to certain

pathological and therapeutical investigations, has given very

beautiful results that have been tested and confirmed by a large

number of observations.^

II.

—

Choice of an induction instrument.

The choice of a good apparatus is of such importance, in the

practice of localized faradization, that I shall devote a whole

chapter (Chap. IV.) to the question. The considerations that I

shall have to set forth cannot be well understood until I have

given the anatomical and physiological data upon which localized

faradization rests.

For the present I am content to say that, without the proper

instruments, localized faradization could scarcely have been realized,

and that, without their aid, I could not have opened the way for

researches in electro-physiology, pathology, and therapeutics, the

importance of which is now well established.

* See Duchenne, Eecherches ^lectro-

physiologiques sur le me'chanisme de la

physioaomie humaine, 1862 ; Physiologie

des movements de'montre'e a I'aide de

Vexperimentation e'lectrique et de Vobser-

vation clinique, 1866.
^ Until now, I have been unwilling to

enter upon the historical question that I

have thus briefly set forth ; because I

wish to avoid the appearance of glorifying

my own work. It appeared more suitable

to leave the matter to those who were
disinterested with regard to it. I find it

necessary, however, to be more guarded,
since the invention of my method of

localized electrization has lately been
claimed by a physicist of merit, Masson,
Professor at tlie Ecole Polytechnique.

This pliilosoplier has acquired some fame
in the history of induced electricity ; but
attention has chiefly been drawn to his

name by the incessant claims of priority

that he has addressed to the Academy of

Sciences, with regard to the discovery of

electricity by induction. Although his

works are certainly in no way to be
compared to those of the illustrious

Faraday, although the Academy has
proved that his pretensions are un-
founded, his claims have this much of

reason, that he believes himself to have
been the first to observe the phenomena
of induction. But how shall I charac-

terise his new pretensions, since, notwith-

standing his ignorance of anatomy and
l^hysiology, he claims priority of in-

vention for a method of electrization

that could only be created by the aid

of special anatomical and physiological

research, and which is not applicable

without the exact knowledge, and the

observation of the rules, which I have
deduced from my experiments? Another
physicist, M. Becquerel, has also sup-

ported the pretensions of Masson before

tiie Academy of Sciences. He was
equally incompetent with him, as regards

questions of anatomy antl electro-physio-

logv. This must be his excuse.
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III.

—

Choice of rheophores.

Muscular faradization is practised, either by concentrating the

electric excitation in a nervous plexus, trunk, or filament, which

shall conduct it to the muscles dependeut upon it, or by directing

the excitation upon individual muscles or fasciculi. In these

different operations, the rheophores should always be brought as

near as possible to each other.

The first mode of faradization produces general movements;

that is, the contraction of many muscles or of all parts of a single

muscle; ajid is called indirect muscular faradization. The second

gives more partial movements, from the excitation of one muscle,

part of a muscle, or a fasciculus; and is called direct muscidar

faradization.

Each of these modes of faradization requires a special proceeding

that I will describe.

It is known that, on placing upon the skin the moist rheophores

of an induction apparatus, the electricity concentrates its power in

the organs placed immediately beneath the skin. Consequently,

to excite muscular contraction, it is necessary to set the rheophores

on points corresponding to the surface of the muscle or of its nerve

;

the rheophores being placed in communication with the intra-

polar extremities of an induction apparatus by metallic conductors.

For the muscles of the trunk, which have a large surface, I apply

moist sponges contained in cylinders (fig. 25), or metallic disks

(fig. 26) covered with wet leather. These

are furnished with insulating handles, as

in fig. 25.

To limit the electric action in muscles

that present only a small surface, as those

of the face, or the interossei, I employ
conical metallic rheophores (figs. 27 and

28) which screw into separate handles.

The conical rheophores are covered by
leather soaked in water,^ and are pressed

by their extremities to points over the

muscles to be faradized. They also serve

me to guide the electric action upon
nerves, when I practise indirect muscular

faradization.

The moist leather which covers the

metallic rheophores opposes much less re-

Fig. 26.Fig. 25.

Fig. 25.— Metallic rheophore with
insulating handle.

Fig. 26.—Metallic rheophore with
disc.

I habitually use the fingers of leather gloves, turned inside out.
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Fig. 28.

sistance tlian wet sponge to the faradic current. The difference

is due to the different thickness of the two bad conductors that

have to be traversed by

a current directed upon

the surface of the body

Therefore, in certain cir-

cumstances, I prefer th^

metallic rheophores of large surface (fig. 26),

also covered with wet leather, to the moist

sponges ; because the former practically increase

the power of the current. The large metallic

rheophores have also the advantage that they

may be more or less pressed upon the skin,

without annoying the patient, as in the case

of the sponges, by water being freely squeezed

out from them.

IV.

—

Indirect muscular faradization.

Indirect muscular faradization requires, as

may be supposed, an exact knowledge of the

positions and the anatomical relations of the

nerves. It is most practicable in the limbs,

where most of the nervous trunks, subcutaneous

at some point of their length, are accessible

to rheophores.

In the upper limbs, electrical action can be precisely limited to

the median nerve, at the inner side of the lower third of the arm, and

to the ulnar, at its passage along the channel which separates the

inner cordyle from the olecranon. Faradization of the radial may
be practised at the outer side of the humerus, at the junction of its

middle and lower thirds, where the nerve escapes from the humeral

channel. It would be impossible not to stimulate directly, at the

same time, some fibres of the triceps and brachialis muscles. The
musculo-cutaneous nerve may be faradized in the axilla. It is

also possible to localize the electric action in some terminal

branches ; for example, in those that supply the muscles of the

thenar eminence, and in the collateral nerves.

In the lower limbs indirect muscular faradization is still more

simple. The crural nerve is found in the fold of the groin,

external to the femoral artery ; and the popliteal nerves in the

popliteal space. It sliould be known that electricity will not reach

the internal popliteal nerve, which is protected by a great thick-

ness of cellular tissue, unless the current be somewhat powerful.

F.g.

Fig. 27.—Olivary metallic
rheopliore.

Fig. 26.—Conical metallic
rbeophore.
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The sciatic nerve is only accessible at its origin in the pelvis,

through the posterior wall of the rectum. The process for apply-

ing faradization to it will be explained hereafter.

In other regions, the practice of indirect muscular faradization

becomes more difficult and more delicate. On the face, the trunk

of the jjortio dura, concealed in the thickness of the parotid, is

inaccessible to electro-excitation, whatever be the strength of the

current. It can be reached at its issue from the stylo-raastoid

foramen, by introducing a conical rheophore, covered with wet

leather, into the external auditory meatus, and resting it on the

lower cartilage ; at this point the trunk of the nerve will be

distant from the rheophore only three or four millimetres. Its

branches may be faradized at their points of emergence from the

parotid ; and the contraction of the muscles su23plied by them is a

certain index that they are excited.

In the supra-clavicular region the rheophore, placed immediately

above the clavicle, acts upon the brachial plexus ; at the summit

of the supra-clavicular triangle it is in relation with the external

branch of the spinal, at a finger's breadth above the clavicle, and

over tlie clavicular attachment of the trapezius the rheophore acts

upon the nerve which supplies the serratus raagnus and deltoid
;

at the same distance above the clavicle, but towards the inferior

attachment of the sterno-cleido-mastoid, are the nerves which

supply the pectoral, the flexors of the forearm upon the arm, and

all the muscles of the anterior region of the forearm which receive

the excitation,^ Lastly, over the scalenus anticus, the electric

excitation is brought to bear upon the phrenic. I shall explain

the method which should be employed for the faradization of this

nerve, when I speak of the electro physiological and pathological

study of the diaphragm. The great hypoglossal is almost sub-

cutaneous at the level of the great cornu of the os hyoides, where

it passes between the stylo-hyoid and the hyo-glossus. At this

point the rheophores should be placed, when it is desired to fara-

dize this nerve, I shall speak hereafter of the faradization of the

glosso-pharyngeal, of the pneumo-gastric, and of the recurrent,

V.

—

Direct muscular faradization.

Direct muscular faradization consists, as I have already stated,

in causing each muscle, or fasciculus of muscle, to contract indi-

" I am certain that, in the different times, and always, on placing the rheo-

points above stated, we find, in the phores on these points, I have seen con-

midst of the brachial plexus, the nervous traction produced in muscles which

fibres which go to form each of the
;

receive spinal influence from each of the

nerves which arise from it ; for I have
|

nerves,

repeated the experiments thousands of
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vidually, or rather, in directly exciting tlie muscular tissue, by

placing moist rheophores on points of skin corresponding to its

surface.

It is right to administer to a muscle only the dose of electricity

proportionate to its degree of excitability, which is variable with

each. It is therefore necessary that the operator should always

have one hand at liberty, ready to control, during faradization, the

graduator of the apparatus. The same hand serves also to act on

the intermissions of the current (in a manner to be explained

hereafter). This part of the operation should never be entrusted

to a stranger, because the physician should relax or press the

movement of the rheotome, according to particular indications,

which present themselves at any moment, even during the fara-

dization of a single muscle. One hand only, the opposite to that

which controls the graduation of the intermittences, should hold

and manoeuvre the rheophores. The handle of one sliould be

placed between the thumb and the index, that of the other

between the middle and ring fingers, the fingers being placed so

as to keep the handles in the palm of the hand. This method
permits faradization to be practised with great rapidity. Figs.

29 and 30 are intended to show the manner of holding the

rheophores.

In fig. 29, the cylindrical rheophores, fitted with moist sponges,

or the disks covered with wet leather, are held in the left hand

;

Fig. 29.—Method of holding the C3'liiidrical or disk rheophores in a single hand.

while the right regulates the intermittence, by manipulation of the

screw C.
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Fig. 30 represents the conical rheopliores, covered with moist

leather, held in the left hand, and placed upon the triangular

muscle of the lips.

It is always necessary to place the rheophores over the fleshy

bodies of the muscles, and never over their tendons ; because

(as it is hardly requisite to state), the stimulation of the latter

does not produce muscular contraction.

[Mr. J. Netten Eadcliffe gives the accompanying illustration (fig. 31) of the

method of holding the rheophores (' The Practitioner,' vol. i., p. 25).

—

H. T.']

Fig. 30.—Method of holding the conical rheophores. Fig. 31.—Mode of holding rheophores according
to Mr. lladcliffe.

In order to faraclize a muscle completehj, it is necessary that

the moist rheophores should cover the whole of its surface ; and,

when they are not large enough to do this, they should he applied in

succession to all points of the surface. The thicher the substance of

the muscle, the more intense should he the current ; hecause a weak

current ivill only produce excitation of the superficial laijers.

I proceed to develope this capital proposition, and to demon-

strate its truth.

^a).—When the moist rheophores are placed on the upper part of

a long muscle, we see, under the influence of an induced current

of medium force, this part of the muscle swell, and we feel it

harden ; while, if the same rheophores are placed over the lower

part of the muscle, the lower part swells and hardens in its turn,

liheophores applied to one point of a broad muscle cause contrac-

tion only of the fibres with which they are in relation ;
the neigh-
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bouring fibres remaiuing relaxed. It follows that the excitation

of the iQUScle only occurs at the points which are brought into

connection with the rheophores.

(6). My researches have shown me that, under the influence of

an apparatus of strong tension, the electricity penetrates deeply

into the tissues. The following observations support this pro-

position. In lead-palsy, as I shall have occasion to show, certain

muscles of the posterior region of the forearm become atrophied,

and do not contract under the influence of faradization. If the

tension of the current be moderate, we do not see any movement
of the limb Avhen the rheophores are placed over the paralysed

muscles ; if the tension of the current be very great, we see that

the muscles situated beneath those paralysed are thrown into con-

traction. In the former case, the electric excitation has been

limited to the paralysed muscles ; in the latter, it has penetrated

these muscles to act on those covered by them. In very fat or

oedematous persons electricity does not reach the muscles at all,

unless by the aid of a current of strong tension. It follows, from

these facts that, in the practice of direct muscular faradization, the

tension of the current should be proportioned to the thickness

both of the muscle to be excited and of the tissues to be traversed.

It is well understood that in all these experiments care must be

taken not to excite the muscular nerves ; either by placing the rheo-

phores at a distance from their emergence or their immersion ; or,

where the nerves cannot be avoided, by operating with a current of

moderate tension. In fact, since the moist rheophores are only

placed in relation with the surfaces of the muscles, and since

the muscular nerves enter at the deep surfaces of all superficial

muscles, it is certain that the contractions produced by a moderate

current are not excited through the medium of nerve agency.

(c). When the moist rheophores are applied to points corre-

sponding to the surface of a muscle, the excitation produced by the

electric recompositions acts simultaneously upon all the anatomical

elements (muscular fibres, motor, sensitive, and ganglionic nervous

filaments, arteries and veins) which enter into the composition of

the portion of muscle excited ; while, if the contraction be pro-

duced indirectly, that is to say, by placing the rheophores over

the motor-nerve trunk, at a distance from the muscle to be

excited, only the muscular fibres are influenced. Consequently,

the direct faradization of a muscle is not complete, even when its

contraction en masse has been produced by the excitation of its

nerve, if the rheophores have not been moved over all the points

corresponding to the surface of the muscle.

Need I add that, in the living subject, when the muscles are
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excited by the process of direct faradization, it is impossible to act

singly upon each of the anatomical elements, since all these ele-

ments inevitably receive, at the same time, the direct excitation

of the current ? Such a remark would be little less than a gra-

tuitous insult to the intelligence of my readers. No one can be

ignorant that, during life, these elements cannot be separated as

in an anatomical preparation.

I have long advocated direct muscular faradization in the

treatment of affections in which the muscular properties are in-

jured ; and principally in atrophy and atrophic paralysis.

This doctrine rests upon a long experience, and proceeds from

numerous facts related in the many memoirs that were reproduced

in the previous edition. The doctrine, without doubt, has not

been laid down explicitly enough in my writings ; for certain

authors have attacked direct muscular faradization with violence.

According to M. Remak, and according to other authors (his fol-

lowers) I should only act upon the muscle, in this mode of elec-

trization, through the medium of its proper nerve, and when

placing my rheophores over its point of immersion. In order

thus to travestie the method of direct muscular faradization, my
opponents could not have read that I have advised, as stated above,

the movement of the moist rheophores over all the points corresponding

to the cutaneous surface of the muscles. That by this process the

muscular nerve will sometimes be influenced, if the current is

strong enough, is incontestable; but, in order for muscular fara-

dization to be complete, it is nevertheless necessary to carry the

excitation over all the muscular surface. It is true that M, Kemak
denies the existence of muscular irritability and sensibility.^ Con-

sequently, according to him, what could be the utility of direct

excitation of muscle ?

Even admitting—what I dispute—that these properties could be

as much excited through the intermediation of the nerves as when

the rheophores are placed over the muscular tissue, would it be a

matter of indifference, therapeutically, that the electric excitation

should be applied directly to the tissue of the muscles, the capil-

laries, and the vaso-motor nerves wkich accompany them ? M.
Eemak and his pupils are too. good physiologists to maintain

such a position. A little reflection should, therefore, make them

^ For IM. Eemak to make me say that trisiriug ffelxhmter Musheln. Berlin,

in direct electrization, the muscular fibre 1 1856). My reply to this strange criti-

contracts soLly by re.ison of its irrita- i cism was jiublislied in a well-known and
bility (Halkrian irritability) is to attri- highly esteemed journal, Jalu-biicher fiir

bute to me an enormity tliat I have I gesammte Medizin, May 1856, and in Ln
not committ d. (JJeber methodische elec- Revue medicale, 1856.
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understand the therapeutical importance of direct muscular fara-

dization.

Nothing can be more easy than this direct faradization,

especially in the superficial regions of the trunk and limbs, to

those who possess any knowledge of surface anatomy. For the

deeper layers of the muscles of the limbs the process is more

difficult; although most of these muscles oifer some point of

their tissue that is sub-cutaneous, and accessible to direct excita-

tion.

I could show, by a synoptical table, the points on which the

rheophores should be placed, in order to practise direct and partial

faradization of the muscles. But such a work would be beyond

the limits I have imposed upon myself; and would be of little

value to those who have not forgotten their anatomy. The prac-

titioner who desires to perfect himself in the art of localized

faradization should, however, study myology from a special point

of view ; and should seek to learn exactly the points at which

the superficial and the deeper muscles come into relation with the

surface. With regard to those inaccessible to direct faradization,

the number of which is not great, we have always the po\\ er to

excite them indirectly, that is to say, through the medium of their

motor nerves.

VI.

—

Excitahility of nerves and muscles.

The faradization of a mixed nerve or of a muscle always pro-

duces, in the normal state, contraction and sensation. It is very

important for those who study the art of localized faradization, in

its applications either to physiology, pathology, or therapeutics,

to be acquainted with the degree of excitability of the nerve or

muscle upon which the electric stimulant is directed. If all

organs possessed the same degree of excitability, the practice of

this method of faradization would be very easy. It would be

sufficient to know the thickness of tissue to be traversed, and its

resistance to the current, the proper state of dryness or humidity

of the skin, and the best form of rheophores for obtaining deep or

superficial action ; to know superficial muscular anatomy, and the

points of immersion or emergence of the motor nerves, so as to

be acquainted with the parts on which the rheophoi-es should be

placed, either for the direct or indirect excitation of each muscle.

Unfortunately the matter is not so easy ; since each organ, each

muscle, each nerve possesses its own degree of excitability, of con-

tractility, or of electric sensibility.

It would be unsuitable to enter at great length into details on

this point of the subject ; but it is as necessary to mention certain
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phenomena, ignorance of which might lead to many errors, and

sometimes even to serious accidents.

A.

—

Excitahility of (he motricity of nerves, and the contractility

of muscles.

The motricity ^ of the external branch of the spinal nerve {re-

spiratory nerve of Bell) is the most excitable. Hence the muscles

or parts of muscles that it supplies will be thrown into action

by a very feeble electric current. For example, the lower half of

the sterno-cleido-mastoid, and the middle and inferior portions

of the trapezius, are but little excitable. But, if we direct upon

the superior half of the sterno-mastoid, or upon the external border

of the upper half (the clavicular portion) of the trapezius, a current

that is too weak to produce even the commencement of contraction

in the other parts of the same muscles, we see the head bent, or

the shoulder elevated, or the side excited, by a brusque and violent

movement. If the rheophore is placed over the apex of the supra-

clavicular triangle, the same movements are energetically produced

by the simultaneous contraction of the superior parts of the

trapezius and of the sterno-mastoid.* It seems to me to follow,

from this experiment, that the extreme excitability, which exists

only in limited portions of these muscles, is due to the presence of

the external branch of the spinal nerve.

I proceed to show the dangers to which the patient is exposed

during faradization, if the operator is not acquainted with the

important fact just stated. At the beginning of my researches I

could not find in writers any warnings to put me on my guard

against the too numerous accidents that I have had to regret.

The following, among others, occurred during faradization of the

trapezius in a case of paralysis of the upper extremity. I had

directed a tolerably strong current upon the upper half of the

trapezius ; and then, jDassing suddenly to the external border of

that muscle, I placed a rheophore upon the apex of the supra-

clavicular triangle in such a manner as to touch, at the same time,

a portion of the upper half of the sterno-mastoid. The head

executed a movement of rotation ajud inclination so forcible that

the patient felt something crack, and had acute pain in the neck.

He also experienced stunning, and tingling in the extremities;

and required to be bled immediately. K the apparatus had been

graduated to its maximum, would there not have been an accident

* The power that a nerve possesses, nerve is distributed to the upper half

when artificially stimulated, to excite of the sterno-cleido-mastoid, and to the

muscular contraction.
|
upper half of the trajiezius, especially at

' The external branch of the spinal
;
its external m irgin.
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of extreme gravity? This fact led ine to the discovery of the

great excitability of the respiratory nerve of Bell, which I believe

to be the most excitable of all the nerves ; but this discovery, as

we have seen, cost me somewhat dear.*^

^ Kemak has criticised the experiment
which shows the great excitability of the

resi^iratory nerve of Bell, by m;iking,

and commenting upon, the experiments

following. He has placed a moist

rheophore over the occipital extremity of

the trapezius, and another over the spine

of the scapula, according to the direction

of the muscular iibres, and then passed a

moderate induced current, from which he ;

obtained only slight contractions. In
another experiment, he left one of the l

rheophores in its former position (either
|

that at the occiput or that at the scapula),

and jjlaced the other over the border

of the trapezius, at the point of entry of

the accessory nerve of Willis. The same i

current then j^roduced elevation of the

shoulder and inclination of the head.
|

He has made analogous experiments
upon the bice25S of the arm, and has
obtained similar results, that is to say, a

contraction of the muscle en masse, from
excitation of its motor nerve, and very

weak contractions when the rheoi^hores

were placed over the extremities of the

muscle. The only rational conclusion to

be drawn from these exjjeriments is that

excitation of a motor nerve produces

contraction of all the fibres to which it

is distributed (aud hence a considerable

movement) ; while faradization of the

parts of a muscle remote from the points

of immersion or emergence of a motor
nerve, produces contraction only of those

fibres tliat are in relation with the rheo-

phores, and of these only the more super-

ficial if the tension of the current be

slight; whence a feeble and limited

movement. By acting alternately upon
bare muscle, and upon its nerve, it may
be seen that this conclusion is perfectly

correct. It is, therefore, not surprising

that direct faradization shoidd produce
less movement than indirect; since a

much smaller number of muscular fibres

are thrown into contraction by the

former. Moreover, in these experiments
of M. Eemak, the rheophores were placed

at the extremities of the muscle (at the

occipital extremity of the trapezius and
on the spine of tlie scapula, and in the

same way for the biceps), that is to say,

over structures in great part ajioneiirotic or

tendinous, so that the contractions would
necessarily be feeble, because only a few

muscular fibres would be in relation with

the rheophores. If M. Remak had placed

his rheophore entirely upon muscular
fibre,— for instance, a little above the

middle portion of the border of the tra-

pezius,— I am sure that he would have
l^roduced a marked contraction of the

clavicular portion of the muscle, which
he evidently could not obtain whilst the

rheophores were placed over the apone-

m-otic extremities.

It is plain that it would be difficult

to deduce any strict conclusion from
exi>eriments so badly jierformed. We
shall see, however, from his manner of

interpreting them, how ardent is the

imngination of M. Eemak. In the first

place, he fails to see that the difference

in the movements obtained in the

several experiments dei^ends upon the
fact that, in the one case, the excitation

of the muscular nerve causes the con-

traction of all the fibres to which it is

distributed; while in the other, only a
small number of fibres, namely those in

the neighbourhood of the aponeurosis,

are situated beneath the rheophores, and
thus called into contraction. Every one
else would conclude from this that the
tendinous or aponeurotic fibres, in their

normal state, are not irritable; but M.
Remak, taking the aponeurotic for mus-
cular fibres, draws from his experiments
the following deduction against the
Hallerian contractility. " That which
strikes us the most," he says, '' is that
these experiments, besides their practical

significance" (this practical significance

being, according to M. Eemak, that the
electric current should be exclusively

directed upon the motor nerve at its

point of immersion or emergence—

a

retrograde precejjt as I have shown)
" contribute essentially to the solution of

the question, respectable by its antiquity,

of the so-called irritability." The solu-

tion of which M. Remak wishes to speak,

is the reversal of the doctrine. A little

above, in fact, introducing irrelevantly the
question of the doctrine of irritability, he
has said, " It is scarcely necessary for me
to point out how little these physiological

experiments justify the pretended doctrine

of Hallerian irritability."

If M. Eemak has only such arguments
as these in opposition to the Hallerian
irritability, that doctrine has nothing to

fear from his attacks. The micrographics

physiologist should know, better than
any one, that such a question can only

G
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B.

—

ExGitabilitij of the Sensibility of Muscles.

It is of much less importance to the oj)erator, especially in the

application of faradization to therapeutics, to know the degree of

excitability of the motricity of the nerves, or of the electric con-

tractility of the muscles, than to know what is the degree • of

sensibility develoj)ed by the faradization of these nerves or of these

muscles. It is, indeed, the exaggerated sensibility of certain

regions, or of certain subjects, that sometimes renders muscular

faradization impracticable. When I set forth, in the sequel, the

results of faradization applied to the treatment of certain kinds of

paralysis, it will be seen how the exaltation of the electro-muscular

sensibility can render localized faradization dangerous. It is,

therefore, ujjon a knowledge of the degree of excitability of the

electro-muscular sensibility that the art of localized muscular

faradization, as applied to treatment, chiefly rests. Although the

individual differences are greater in this respect than for the electro-

muscular contractility, I am convinced that it is possible to find an

average that will serve as a general rule, just as there exists

an average or ordinary dose of any medicine.

Without entering into the details of my researches on this

interesting subject, I purpose to set forth, with regard to the

excitability of the sensibility of each of the muscles, certain

general facts which may be guides to the operator in direct

muscular faradization.

The electric sensibility is very acute and easily excited in the

muscles of the face. This is due to the fifth pair of nerves, from

which these muscles receive filaments. In faradization of the

facial muscles it is necessary to avoid placing tlie rheophores over

points corresponding to the infra-orbital or mental nerves. Ex-

citation of these nerves produces very acute pain, which extends

be studied experimentally by placing acquainted with the researches of MM.
under the microscope a muscular fibre,

j

CI. Bernard and KiJllikcr upon the action

separated from all anatomical elements of
,
of woorara, Avhich destroys immediately

nerve, and by then subjecting it to some i the excitability of the nerves and of the

stimulus—such, for example, as that of a ' spinal cord, but leaves intact the irritability

galvanic or an induced current. But
i of the muscular fibre. This particular

this is jirecisely what was done by M. action of the Indian poison would suffice,

Lebert, in 1842, with the muscular fibre
|

without the foregoing experiments, to

of insects, and afterwards of rabbits, and I establish the truth of the Hallerian doc-

of dogs : it is what has been since done trine. Let us add to such facts those

hundi-eds of times by a great number of

observers; and it is done every day by
M. Robin, and is shown in his excellent

lectures. If ^l. Remak, by chance,

refuses to see what has been seen by
everybody else, I still ask if he be un-

which are furnished by the researches

of M. Longet, and by daily pathological

observation, and we obtain an aggregate
of i^roofs sufficient to carry conviction

even to the most obstinate minds.
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to a distance,—to the incisor teeth, and sometimes to the base of

the orbit.

Excitation of the frontal nerves, given off by the ophthalmic

nerve of Willis, produces pains \\ Inch radiate over the head ; and

it is for this reason that direct faradization of the frontal muscle,

which is crossed by these nerves, is very painful. The orbicuhir

niiiscles of the eyelids, the depressor alae nasi, the levator labii

superioris aloeque nasi, the quadratus menti, the levator menti, the

orbicularis oris, and the triangularis menti, are the most excitable.

Tiie order in which they have been enumerated indicates the

degree of their sensibility. Next come the zygomaticus major and

minor, the masseter, and the buccinator, which is comparatively

little excitable. 1 rarely fiiradize the levator anguli oris, for fear

of acting upon the infra-orbital nerve.

In the neck the platysma is as excitable as the superior half of

the sternomastoid, and as the external border of the superior half

of the trapezius." The other muscles of the neck are much less

excitable.

The pectoralis major, and the muscles of the infra-spinous fossa,

are moderately sensitive to electric excitation ; the deltoid, and

the muscles of the arm, a little less so. The muscles of the

anterior region of the forearm are much more sensitive than those

of the postei'ior region.

The longissimus dorsi, and the sacrolumbal muscles, have very

little sensibility.

The muscles of the buttocks, and the tensor vaginse femoris,'^ are

very sensitive to electric excitation ; as compared with the muscles

of the external and posterior regions of the thigh. Those of the

internal crural region are more sensitive than those of the external

crural region.

The muscles of the posterior region of the leg have very little

sensibility, when compared with those of the interior and external

region.

It is possible to express in numbers the degree of excitability

of each muscle and nerve ; and such investigations will be the

subject of a special work, I am so familiarised with the practice

of localized faradization that I am able, with, the help of my new
apparatus, to administer to each muscle or nerve the dose of

electricity required for the production of an energetic muscular

contraction, and that without causing much pain. It requires

' The extreme sensitiveness of the I
^ Of the muscles of the lower limbs,

platysma leads me to suppose that it is
i

the tensor vaginae femoris is the most
supplied by the external branch of- the sensitive to electric excitation,

spinal nerve.

u 2
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long study of faradization to attain to this degree of certainty

;

which fortunately does not seem to be absolutely necessary for

the application of tlie method to therapeutics.

It IS perfectly certain, as I have shown, that a rheophore suffi-

ciently moist, and in perfect contact with the skin, produces no

sensations but such as are purely muscular ; unless it chance to

be placed over the track of a cutaneous nerve. But it must

not be forgotten that, at the moment of application to the skin,

and before the perfect contact is established, a cutaneous blends

Avith the muscular sensation. It follows that muscuUir faradization,

especially with rapid intermissions, is much more painful at the

moment when the rheophore is placed in contact with the skin.

It is necessary to proceed as follows, in order to avoid exciting the

mixed and very painful sensation. Before placing the rheophores

upon the skin, they should be brought into contact with each

other, so as to neutralize the current. When they are properly

placed upon the skin, and lightly pressed down, they may be

carefully separated a little, so that the electric recomposition may
take place in the muscle that is to be excited. I adoj)t also

another and equally simple method, which consists in not allowing

the current to pass until the rheophores are placed in position

over the muscle.

C.

—

The joints of selection in the practice of localized muscular

faradization.

The general precepts set forth in this paragraph are perfectly

clear. The chief of them may be summed up in the following

manner. When the electric excitation is localized in a nervous

trunk, or in the muscular nerves proceeding from it, we have

indirect muscular faradization ; but wlien the excitation is applied

to the muscular tissue, we have direct muscular faradization.

{a). But, if the precept is clear, the execution is not always easy

;

especially when it is desired to produce contraction of individual

muscules or fasciculi for some electro-physiological purj)ose.

The nervous trunks of the limbs are, for the most part, easily

accessible to rheophores, since they nearly all present some point

of their continuity immediately beneath the skin. It is not the

same with the nerves of tlie muscles. Some of them, indeed, may
be assailed at points remote from the muscles to which they are

distributed (as, for example, the phrenic nerve, in front of the

scalenus anticus ; the nerve of the serratus raagnus, above the

clavicle), and near their points of emergence. With regard to

other muscular nerves (those of the limbs), we can neither reach

their points of emergence or of immersion without acting upon a
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part of the muscular tissue behind the deep surface of which they

are concealed. This, however, does not prevent the current from

penetrating to them, when such an action is required.

An exact knowledge of the points of emergence and immersion

of the muscular nerves is absolutely necessary in order to study

the proper action or the state of the properties of muscles, or

of those fasciculi which, physiologically considered, are often

distinct muscles themselves. At the beginning of my researches,

I found it a matter of the greatest difficulty to limit exactly the

action of tlie current to each muscular bundle, because I did

not possess the knowledge. It was necessary to commence new
anatomical studies, in order to determine, as exactly as possible

(because in this respect there are certain individual differences),

the points of exit and of entrance of the nerves ; and by these I

learnt to avoid the nerves, when I wished to excite single fasciculi

;

and to excite them, when I wished to obtain the contraction en

masse of large muscles or fasciculi.

It is not always sufficient, however, to be able to avoid the

points of exit or of entrance of the nerves, in order to obtain

the isolated contraction of one of the bundles of a muscle. There

are certain points of election on which the rheophores should be

placed ; and which must be sought in order to be perfectly known.

I will take as an example the extensor communis digitorum. In

a person in whom the forearm measures twenty-four centimetres

from the olecranon to the styloid, process, the point of emergence

of the nerve is, as a rule, six centimetres from the epicondyle.

Before dividing, the nerve has a length of two centimetres ; and

its point of immersion is at twelve centimetres below tlie epicon-

dyle; it being then divided into two branches. With these

anatomical data, it is evident that a rheophore of small surface

placed over the nerve prior to its division,—that is, over the central

part of the extensor communis at a point between six and eight

centimetres below the epicondyle,—will produce simultaneous con-

traction of all the fasciculi of the muscle, if the current be suffi-

ciently penetrating to reach the nerve. But at twelve centimetres

below the epicondyle (the point of immersion) the rheophore must

fee brought into relation with two branches in order to produce the

same eiiect. In other words, the rheophore must either cover a

large surface, or only one of the branches v.ill be excited, and only

two fasciculi will be thrown into contraction.

If it be desired to obtain isolated contraction of each fasciculus

of the extensor communis, it will evidently be necessary to avoid

the nerve before its division, and to seek the points at which the

muscular fibres constituting each fasciculus become sul;cutaneous.

^^



86 LOCALIZED ELECTEIZATION.

These points are : for the fasciculus of the index, ou the inner side

of the second radialis exteruus (extensor carpi radialis brevior) at

from 10 to 14 centimetres below the epicondyle ; for the fasciculus

of the ring fiuger, a little below the epicondyle, on the plane of

the posterior aspect of the ulna. It is requisite, in all these

operations, to use a current that is only slightly penetrating (that

of the first helix), and of moderate strength; in order that the

excitation may not reach the deeper layers.

By following the anatomical data that I have set forth, I have

been able to obtain with certainty, in the first patient presenting

himself, isolated contraction of the fasciculi of the extensor com-

munis, and also contraction of the other fasciculi that move the

fingers and the thumb.

(&). It was with reference to the difficulties that the practice of

localized muscular faradization presents even to an anatomist, if

not possessed of these data, that I wrote, in the former editions,

the following lines :
—" It must not be suj)posed that it is sufficient

to know the precepts that I have laid down, and to be an anatomist,

in order to possess completely the art of making each muscle or

fasciculus contract singly. To attain this degree of skill, it is

necessary to be initiated into a vast number of details, which I

cannot enter ui3on without transgressing the limits that I have laid

down."

Remak, misinterpreting initiated as if it referred to some

mystery, played upon the word, and referred to it perpetually

and maliciously in his brochure. However, having knowledge of

the general precepts already laid down, he ought to understand,

especially after having seen me make the ajDplication, that it would

be possible to initiate himself into these anatomical details. He
is said since then to have done so, by seeking, in dissections, the

points of immersion of the muscular nerves.^

9 lu October, 1852, Remak did me the contract singly, he adds, " Whoever has
honour to be present, with MI\I. the seen the skill and (Confidence with which
Professors Richter (of Dresden), Jacksch ho (M.Ducheune) throws the great muscles
(of Prague), Hebra (of Vienna), and into contraction coidd almost comi^lain
other German sffyawfo, at a ^ea«''e at which of his intention to preserve his secret."

I demonstrated exijerimentally the func- (p. 11.)

tions of certain muscles by electricity. When I experiment in the presence df

M. Remak writes, in the brochure already pupils, I habitually remember to explain
cited, that this seance was of such interest the anatomical reasons that induce me to

that he gave an account of it, on his place the rlieophores upon this or that
return from Paris, to the IMedical Society point of election, in order to oljtain either

of Berlin. But he explains that my the contraction of a muscle en masae or
verbal explanations were confined to the contraction of one of its fasciculi or

physiological demonstration ; and did portions. But, before the select auditory
not include my method of localized of which Remak formed part, I .should

electrization. Then, not having under-
j

have thought it out of place to deliver

stood how it was possible to make muscles a lesson on anatomy.
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The directions given by Remak for obtaining the tetanic con-

traction of a muscle en masse teach nothing about the points of

emergence and of immersion of the nerves ; and they cannot even

serve to supply a general rule. Thus, according to him, in order

to make a muscle contract en masse, it is necessary to place one

rheophore on a jyoint of the border of the muscle toivards tvhich the

entrance of its nervous trunk occurs. If this principle will hold

good for some muscles, it will not for many others. In support of

my assertion, t will take as an example one of the muscles which

it is said may be made to contract by this procedure—the deltoid.

On whatever point of the border of that muscle we apply the

rheophores, we obtain only partial contractions ; since, as the place

of entry of the nerve is at the union of the upper third of the

muscle with the lower two-thirds, and of the posterior third with

the anterior two-thirds, the rheophores can only encounter its final

ramifications. The principle of Remak is, on the contrary, appli-

cable to the trapezius. The method that he employs to make

When, at that s(fance, I was seen to

produce contraction en mas^e of the ser-

ratus maguus, by placing the rheoj^hores

on the side of the chest, by the anterior

border of the latissimus dorsi, was it

necessary to exphxin that the rheophores
were in relation with the nerve of the

serratus magnns ? When the same rheo-

phores were placed at the junctiu'e of the

middle and lower thirds of the margin
of the trapezius, was it necessary to say

to those professors that I was then
exciting the external branch of the

spinal nerve from the cervical plexus ?

The contraction en masse was sufficient

to show them wliat was done. This
method of muscular electrization by the

intermediation of the nerves w^as the

indirect muscular faradization that I had
described in a general manner, in my
writings and my experimental se'ances,

without entering into details about the

points of emergence and immersion of

the motor nerves. Again, when, during
the same se'anre, I wished to obtain
isolated contraction of the jjortions of the
trapezius which are physiologically dis-

tinct muscles, they saw me avoid, as

much as possible, the points of entrance
of nerves, and place the rheophores in

succession on each of the parts that form
what I have called the respiratory (cla-

vicular), the elevator, or the adductor,

portion of the trapezius.

During several hours that the stance

lasted, Remak saw me jiroduce, in suc-

cession, contraction of a large niunber of

muscles en ma^se, and of separate fasci-

culi—the former by exciting their ner-

vous trunks, the latter by jdacing the

rheophores upon them, beyond the points

of immersion of the nerves. This great

critic, however, who has witnessed the
results that I obtained, and has made
them the subject of eulogy, obtained no
glimpse of the particidar methods that

allowed me to obtain them ! With whom
is the blame? Did I trust too much to

his anatomical knowledge ? Had micro-
scopic anatomy caused him to forget that

which can be seen with the naked eye ?

Such seems to be the only solution of the
enigma.
Remak, who has thus represented me

as a kind of prestigiator, whose dex-
terity he ]iraises, but who preserves his

secrets from him, saj's again, " It must
equally be admitted that he (M. Du-
chenne) has not yet perfectly fixed upon
the anatomical conditions of the residts

that he obtains ; and that he owes his

knowledge of the aforesaid points (the
jjoints of election on which the rheojihores

should be placed) jierhaps to chance or

rather to the trials by which he has
arrived at his method." Then Remak,
for the honour of science, sets himself to

work, and discovers that these famous
23oints of election are the points of entry
of the muscular nerves. Unfortunately
for the priority of this discovery, the
experiments that he adduces to explain
the anatomical reasons for these points
of election are precisely those that I

performed before his eyes, at the se'ance

at which he was present in 1852.
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that muscle contract en masse is nearly that which he saw me
practise in 1852 (without then understanding it). I say nearly,

because Kemak states that he places only one rheophore on the

branch of the accessory nerve of Willis, while the other is placed

on a point of the muscle. But it is impossible to produce con-

traction of all the parts constituting the trapezius except by

placing the rheophores on the points of the cervical border of the

muscle at which the two trapezian nerves penetrate : the one on

the trapezian branch of the spinal (five centimetres above the

clavicle), the other below the trapezian branch of the cervical

plexus (three centimetres above the clavicle). Then, on the side

excited, we see the head inclined, the shoulder raised, and the

scapula drawn towards the median line : then we see the three por-

tions of the muscle swell, and stand out in relief beneath the skin.

In 1805 ^ I wrote :
" This work (in which would be shown the

anatomical points on which the rheophores should be placed, in

order to study the proper action of muscles or of their divisions)

would certainly be very useful ; but, with the desire to shorten it

as much as possible, and to facilitate study, I intend to set forth

the data, at some future time, in a synoptical table with figures.

This project cannot be put in execution until I have entirely

terminated my researches on muscular electro-j^hysiology."^

Taking up my idea, and desirous, without doubt, to put it more
quickly in execution, a G-ermau writer, Dr. Ziemssen,^ has shown
on anatomical plates the points on which the rheophores should be

placed to produce isolated contraction of muscles ; declaring, in the

preface to his book, that he wishes to render the employment of

my method of muscular electrization easy to every practitioner.

We must not praise this work too much ; for the writer unfor-

tunately has fallen under the influence of the errors of Remak.
He says that the method consists solely in always placing the

rheophores over the points of immersion. Nothing, certainly, can

be more simple and more easy than this ; for which he has only

needed to use certain anatomical plates, as I had advised in my
reply to M. Eemak. (The points of immersion of the nerves are

shown with the greatest exactitude in the plates of M. Ludovic

iiirsfhfeld.* As these are drawn to half the natural size of an

' De CEkctrisation localisee, Paris, l synoptical table? I cannot double my
1855, in 8vo. p. 58. existence.

^ It is well known that, since 1855, 1 •* Ziemssen, Die Eledricitdt in rier

have never ceased to exert all my ac- Medizin. Second edition. Berlin, 1866.

tivity in the publication of new electro- •* Neurologie ; on Description et Icono-

physiological researches. Why, then, ' graphie du Systeme Nerveux. Paris,

should I be sf> bitterly reproached
;

1853-4.

because I have not yet prei^ared the
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arliilt, it is possible, with the help of a compass, to ascertain exactly

the points).

Since Dr. Zierassen has made himself acquainted with my reply

to M. liemak, he should have understood, it seems to me, after the

detailed explanations into which I entered, and which have been
reproduced above:

—

(1). That my manner of practising direct muscular excitation is

not that which he has described as being mine. It is true, indeed,

that I sometimes place my rheophores over the points of immersion

or emergence of muscular nerves, in order to produce the con-

traction en masse of each muscle ; but, again, I sometimes avoid

these points of immersion, in order to obtain isolated action of the

fasciculi, which often, indeed, are really independent muscles.

(2). That it is, consequently, not sufficient to mark, as he has

done, the points of immersion of the muscular nerves ; but that it

is also necessary, as I have given an example in p. 86, to point

out the spots on which the rheophores should be placed when it

is desired to throw only single portions or fasciculi into action.

(These points are not always easy to find ; and, as Remak says,

I have sometimes had to seek them empirically.)

(3). That the figures, on which the points of emergence and of

immersion of the nerve are marked by a sign, are certainly

useful ; but that they are not sufficient for practical purposes. It

is necessary, in fact, and I cite, as an example, the faradization of

the extensor communis digitorum or of its fasciculi, to choose a
fixed marked point, and to make known the average distances

between the marked point and the point of election.

Part the Third,

cutaneous electrization.

Cutaneous electrization may be practised by means of either

static or dynamic electricity.

§ I.

—

Electrization of the sldn hy static electricity.

In order to limit static electricity to the skin, it is necessary to
use only a feeble degree of tension. Indeed, cutaneous excitation,

by that form of electricity, does not exceed certain degrees of

tension without penetrating more or less deeply to subcutane-
ous organs and producing shock. For this reason, the therapeutic

action of cutaneous static electrization, which must be very weak
in order to be confined to the skin, is seldom indicated and almost
always insufficient, as I have shown already in Chapter I.
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^ I[_

—

Electrization of the shin hy dynamic eJedricity ; or cutaneous

galvanization.

I have already said that cutaneous excitation by dynamic

electricity is practised by dry rheophores, "applied to the dry skin,

and that the resulting sensation ranges from simple tingling to

acute pain. It is well known that galvanism does not act upon

the skin without causing an alteration more or less considerable

(vesication or cauterisation) ; while faradism produces no greater

orcranic change than little papules or erythema. It follows that

cutaneous galvanization should only be applied in certain cases

;

and that cutaneous faradization, which respects the tissues, is one of

the most valuable and most frequently indicated tlierapeutic agents.

§ III.

—

Electrization of the shin hy the induced current; or cutaneous

faradization.

These reasons have determined me 'to treat specially of cutaneous

faradization ; the methods of applying which are the same as for

cutaneous galvanization.

I. IMODE OF OPERATING.

The different electro-cutaneous excitability of different regions

of the body requires the use of different methods of cutaneous

ftiradizatiou. The procedures are of three kimls : faradization by

the electric hand, by solid metallic rheophores, and by electric

threads.

Each of these methods possesses a special action, which may be

rendered available in therapeutics ; and I proceed to describe their

application.

A.

—

Tlie electric hand.

In this method a moist rheophore is used (a sponge contained in

a cylinder) like that shown in fig. 25. This is put into communi-

cation Avith one pole of the apparatus, and is then applied to some

insensitive part of the patient's body. The other rheophore, in

communication with the other pole, is held by the operator, wlio,

having first dried the skin to be faradized by some absorbent

powder (lycopodium or rice starch), passes the back of his free

hand, also dried, over the points which he wishes to excite.

B.

—

Solid metallic rheophores.

The skin must be dried as above described ; although if the

epidermis be very thick and hard, as it becomes from some occu-

pations, and chiefly on the hands and feet, which are often in more
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or less continuous contact with air and water, it may be necessary

slightly to moisten the surface, in order that the electric excitation

may penetrate to tlie dermis. Large dry metallic rheophores,

cylindrical, olive-shaped, or conical, as shown in figs, 27, 28, 30,

and 31, are then applied to the skin and moved over its surface.

Rheophores of the first shape are used to excite, by their outer

face, the skin of the chest and liinbs ; the second for faradization

of the hairy scalp.

The rheophores should always be moved, more or less quickly,

over the diseased parts. In certain special cases, when it is desired

to produce a very strong revulsion over a very small surface, the

point of the olive may be kept for some time stationary. When
the conical rheophore is thus employed, it is called by patients the

electric nail, from their comparing its action to that of a hot nail

penetrating the skin. This method of procedure is chiefly appli-

cable to the neighbourhood of the vertebral column.

C.

—

Metallic threads.

The metallic threads (fig. 32) are employed in the form of a

little brush, contained in a cylinder, which is screwed to an in-

sulating handle. There are two methods of faradi-

zation by the metallic threads. They may be moved
over the affected surface, or this surface may be lightly

struck with the extremity of the brush ; or they may
be held in contact with the skin as long as the patient

can bear them. The first proceeding has much
analogy, as regards its action on the sensibility, to

trauscurrent cauterization. The second I have called

electric fustigation. The third, seldom endured by
patients, may be employed in certain deep-seated

affections,—in the treatment of white swellings, for

example, and to aid the absorption of tumouis and

enlarged glands. It may be described as the electric

moxa.

II.

—

Physiological and therapeutical action.

The application of the electric hand to the ex-

citation of the cutaneous sensibility produces, in the

face, and under the influence of an intense current,

a very acute sensation. On other parts of the body

the sensation produced is hardly more than if the

hand rested long on the part. The smart crepitation caused by

the passage of the hand over the surface is the only effect produced.

52.-Mftallic
tliri-'uds.
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The solid metallic rlieophores act energetically upon the sen-

sibility of the face, even with a slight current. They actively

stimulate the skin of the trunk ; but they are often powerless on

the palms of the hands and the soles of the feet, whatever the

intensity of the current.

The metallic threads triple the power of faradization upon the

cutaneous sensibility ; and are almost always the only agents

capable of exciting it acutely on the palms of the hands and

the soles of the feet, in profound anaesthesia of these regions.

The sensations produced by these several methods of faradization

are different. On the face the electric hand produces the effect of

a rough brush tearing the skin ; and the metallic threads exert a

deeper action. When they are kept stationary, the sensation is

like that of hot needles piercing the tissues. The fustigation by

threads produces a sensation that differs from this only in its

duration. No other agent, not even fire, produces pain equal to

that caused by metallic threads ; if we may judge from the state-

ments of patients who have also experienced the moxa and trans-

. current cauterization. It is very difficult exactly to express these

different sensations, and I have striven to do so by using the

terms habitually employed for the pur^iose by patients themselves.

In the normal condition, the cutaneous excitability by electricity

differs greatly in different parts of the body. It is necessary, in

order to use faradization successfully in cutaneous anaesthesia or

in various lesions of tactile sensibility, to know the differences, in

this respect, between various regions in the healthy state.

The skin of the face is indebted to the fifth pair of nerves for

exquisite sensibility, and its electric excitability is so great that

the most feeble faradic current produces an acute sensation ; even

when its effect is scarcely appreciable on other parts of the body.

The skin of the face is more sensitive to electric action near the

middle line than elsewhere; thus its sensitiveness is greater on

the eyelids, the nose, and the chin, than on the cheeks. The skin

covering the upper eyelid, the alas and point of the nose, the

borders of the nostrils, the sub-nasal depression of the upper lip,

and the line of junction of the labial skin and mucous membrane,

are the points on which the electric excitation is felt the most

acutely.

On the forehead the sensibility is less than on the face, and still

diminishes as the hairy scalp is approached. In the latter it is

comparatively slight ; and is only excited by a tolerably powerful

current.

The sensibility is notably greater on the neck and trunk than on

the limbs ; in the cervical and lumbar regions than in other parts
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of the trunk ; on the internal and anterior aspects of the limbs

than on their external and posterior aspects.

The skin of the palm of the hand possesses the least electric

excitability, and that of the sole of the foot more, except at its

middle and internal portion. In persons whose hands are much
exposed to air and moisture, the sensibility of the skin covering

them is so blunted that particular methods and a very strong

current are necessary in order to excite it.

There is no other therapeutic agent the action of which is

comparable to that of cutaneous ftiradization. By this alone, the

sensibility of the skin may be excited to any extent, either in

passing rapidly from a simple tingling to the most intense pain,

or in passing gradually through all intermediate degrees. By this

alone can an excitation be produced, which that of the actual

cautery scarcely equals, without disorganising the tissues, without

even raising the epidermis, however prolonged may be the opera-

tion. The sensation produced ceases suddenly, and nearly always

completely, as soon as tlie rlieophore is no longer in contact

with the skin; and the instantaneousness of the action allows

the electric stimulation to be carried rapidly to all points of the

surface of the body.

This exposition of the chief properties of cutaneous faradization

should afford an idea of the power of its therapeutic action, and of

the numerous services that it is calculated to afford in practice.

These I shall have many occasions to establish in the course of the

w^ork.

Part the Fourth.

Faradization of internal organs, the genital organs, and of the

organs of the senses.

Most of the organs situated Avithin the cavities of the body are

accessible to faradic excitation,^ either directly, by the action of

rheophores placed upon their tissues, or indirectly, by stimulation

of the nerves that govern them. I proceed to describe the

different methods that I have adopted, in order to direct upon

these organs the faradic excitation.

§ I. Faradization of Internal Organs.

1, Faradization of the rectum and muscles of the anus.

Involuntary stools and descent of the rectum are often caused

by paralysis of the sphincter and levator ani ; and it may then be

'' I repeat that it is not sufficient either that the electric recomposition

that an organ should be traversed by an should take place within its tissue, or

electric current in order to be excited by that the nerve which governs it should

it. It is necessary for tliat purpose,
I
be directly stimulated.



94 LOCALIZED ELECTRIZATION.

necessary to faradize tliese muscles. For this purpose a metallic

olive (tig. 33), mounted on a stem of metal, insulated by gum

Fig. 33.—Rectal rbeophore.

elastic, is introduced into the rectum, and then connected ^vith

one of the poles of an induction apparatus. A second (moist)

rheophore is moved over the circumference of the anus. When
the apparatus is in action, the stem is so moved as to place the

olive in contact with the muscles of the lower part of the rectum
;

tliat is, with the levator and sphincter ani. In order to excite the

muscular coat of the rectum, the olive should be moved over all

its internal surface. It is always necessary first to free the rectum

from foecal matter, by means of enemata.

If it be desired to overcome constipation, due to insensibility

of the mucous membrane of the rectum or to paralysis of the

muscular coat, the rheophore must be introduced as before

described, and moved over the whole surface of the intestine.

The margin of the anus is so sensitive that the slightest faradic

excitation produces insupportable tenesmus. Care

nmst therefore be taken always to insulate the

stem that bears the olive, unless it be wished

to act upon the sphincter muscle.

2. Faradization of the hladder.

In all faradic operations upon the bladder, the

organ must first be emptied, as in faradization

of the rectum. \Yithout this precaution, the

excitatiou, instead of being linjited to the parietes

of the two organs, would extend to the sacra], or

the hypogastric jdIcxus.

In order to faradize the muscular fibres of

the neck of the bladder, an olive-shaped rheo-

phore is introduced into the rectum, as above

described. A curved metallic sound (Qg. 34),

insulated, by being covered with an ela-stic

catheter to within two or three centimetre.s

of its vesical extremity, is then introduced into

the bladder, and placed in connection with one

of the poles of an induction apparatus. When
^'"ihco^iwre""'" ^^^'^ ^^ ^^ action, the sound is drawn back in
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such a maimer that its extremity is brought in contact succes-

sively with all points of the neck of the bladder. The patient

submitted to the operation feels contractions, that result from the

excitation of the muscular fibres that go to form the sphincter

of the neck of the bladder.

If it be desired to excite either the sensibility or tlie contrac-

tility of the bladder as a whole, the vesical rheophore must be

moved over all parts of the internal surface. It is not always

necessary to have recourse to this operation in paralysis of the

bladder, complicating paraplegia. It is sometimes possible, in

such cases, to re-establish the function by energetic faradization

of the muscular walls of the abdomen. The same operation will

also often overcome the constipation that is habitual in paraplegia.

Numerous facts in my possession appear to show that a certain

number of cases of paralysis, both of the rectum and of the

bladder, have no other cause than

paralysis or debility of the abdominal

walls.

The electric excitation of the rectum

may be attended with so much incon-

venience as to be a difficulty in the

way of the procedure that I have de-

scribed, and to require to be avoided.

For this purpose I introduce two rlieo-

phores into the bladder; and I have

had made, by M. Charriere, an instru-

ment that I call the double vesical

rheophore (figs. 35 and 36).

The double vesical rheophore is

formed of two flexible metallic stems,

enclosed in an elastic catheter of double

channel, which separates them from each

other. The two stems have such termin-

ations as are shown in fig. 36 ; so that

when approximated, as in fig. 35, they

resemble an ordinary sound. The in-

strument is closed by pushing the elastic

catheter forward, and is introduced into

the bladder. The stems are then pushed

forward for three or four centimetres,

while the catheter is held still, in such a

manner that the extremities may separate. Then, after each stem
has been connected with the })ole of an induction apparatus, the in-

strument is handled in the way already described. The double gum

Fig. 35. Fig. 36.

Fig. 35.—Double vesical vheoiiboip,
closed.

Fig. 36.—The same, open.
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catlietlier, which encloses the stems of the rheophores, must never

be penetrated by moisture, because the currents would then pass

from one rheophore to the other, and would be recomposed in the

interior of the catheter, instead of reaching the extremities. It is

necessary to empty the bladder for this reason also.

3. Faradization of the uterus.

In certain cases of amenorrhoea, electric excitation of the neck

of the uterus may be practised with advantage. For this purpose

I use a rheophore like the double one for the bladder, but differ-

ing from the latter in the curvature of the stems, and in the larger

size of the terminal plates (figs. 37 and 38). It is introduced

closed, as in fig. 38, into the vagina,

and then the two plates are made to

separate, as in fig. 37, by pushing

the stems onward through the double

gum tube that covers them. The
operator guides each of the plates by
the index fingers of his free hand, and

places them on the sides of the cervix.

It then only remains to connect the

stems with the poles of an induction

apparatus. The facts that I have ob-

served show the good effects of this

metliod of excitation in cases of ob-

stinate amenorrhoea, that are not wholly

dependent upon chloro-anaemia.

If it be desired to excite the organs

contained in the pelvis, by indirect

faradization, the terminal olive of the

rectal rheophore should be directed to the posterior wall of the rec-

tum. The current then traverses the coats of the intestine, and

concentrates its action upon the sacral and hypogastric plexus

behind it.

Fig. 37.

Fig. 37.—Uterine rheophore, open.

Fig. 38.—The same, closed.

4. Faradization of the pharynx and oesophagus.

Faradization of the pharynx is practised by means of a rheo-

phore called a pharyngeal. This consists of a metallic stem, very

flexible, or jointed like an ossophageal sound, terminating in an

olive-shaped metallic extremity, three or four millimetres in

diameter, and protected by a gum tube to insulate the stem. The

curvature of the jointed rheophore may be increased or diminished
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at pleasure, by means of a mechanism for the purpose, so that,

when introduced into the pharynx its olive-shaped extremity may
reach to the inferior constrictor.

In order to faradize the constrictor muscles, the olive is moved
over the surface of the oesophagus, while a moist rheophore is placed

on the back part of the neck. The operator should beware of

directing the olive against the lateral walls of the pharynx, which
are in relation, from top to bottom, with the pneumogastric. If

the rheophore were placed over the nerve, the electric action,

instead of being limited to the pharynx, would be carried further,

to organs the stimulation of which would be dangerous, or at least

contra-indicated.

To faradize the oesophagus, an oesophageal sound is required,

conveying and insulating a metallic stem, terminating in a small

olive-shaped metallic bulb. This rheophore, thus insulated, acts

only on those parts of the oesophagus that are in contact with the

olive-shaped bulb ; and hence it is necessary to move this bulb

over every part of the organ that it is wished to excite. We know
that the oesophagus is in relation, in its cervical portion, with the

left recurrent nerve, lodged in the groove that separates the oeso-

phagus from the trachea, and that it is accompanied, in its thoracic

portion, by both pneumogastric nerves, which are situated lower

down, the left in I'ront of it, and the right behind it. It is sufficient

to mention these anatomical data, in order to show the difficulty,

or even the impossibility, of avoiding, during faradization of the

oesophagus, the conveyance of the excitation to nerves that supply
the most important organs. The operation therefore requires

much prudence.

6. Faradization of the larynx.

The muscles of the larynx that are concerned in phonation,

except the thyro-aryteenoid and the crico-arytaenoid, are accessible

to the direct action of faradization. I have practised the following

method many times.

I introduce into the pharynx the pharyngeal rheophore, and
carry it down below the posterior part of the larynx. The second
(moist) rheophore being placed on the exterior, at the level of the
crico-thyroid muscle ; and the apparatus being in action, I move
the pharyngeal rheophore, after having increased its curvature, in

such a manner as to bring its olive-shaped extremity into contact

with the posterior face of the larynx, and I then move it up and
down. In this operation the stimulus is carried directly and
successively to the posterior crico-arytsenoid and to the arytaenoid

H
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by the pharyngeal rheophore ; and to the crico-thyroid ® by the

moist external rheophore.

Indirect faradization of the larynx is still more simple. By
directing the extremity of the pharyngeal rheophore to the lateral

portions of the inferior constrictor, we act upon the inferior laryn-

geal nerve, which supplies all the internal muscles of the larynx.

The left inferior laryngeal may also be reached through the

cesophagus.

My experience has shown that the above procedure would
frequently be very advantageous in aphonia due to paralysis of

the muscles of the larynx. I shall record, in the sequel, many
cases in which I have practised the operation with success.

[Duchenne makes no reference to the use of the laryngoscope to facilitate

direct faradization, or galvanization, of the muscles of the larynx. It is

probable that his experience has shown that the intervention of the laryngo-
scope is practically rarely necessary. Precision of manipulation, however,
is at all times to be cultivated, and this is only ]iossible of the larynx by the
aid of the laryngoscope. Ziemssen has treated the subject of laryngeal elec-

trization with great perspicuity in liis work Die Elertricitdt in der Medizin,
and I append a translation of his observations which I have no doubt will

prove acceptable to the English practitioner.—//. T.

ZIEMSSEN ON LARYNGEAL ELECTRIZATION.

" The electric excitation of the nerves and muscles of the larynx has latterly

become of great practical importance ; on account of the increasing certainty

of laryngoscopic diagnosis, and especially on account of the evidence thus
obtained of tlie frequency of paralytic conditions of the laryngeal muscles,
atfecting them either singly or in groups.

" Much laboiir has been bestowed in recent years ujion endeavoiirs to find a
satisfactory basis for electrical treatment of the larynx. The first attempts
were to find the laryngeal branches of the vagus nerve in the neck, and to

excite them through the soft jiarts superficial to them. Tliese attempts,

made upon patients suffering from some disorder of the nerves or muscles of
the larynx, were sometimes followed by beneficial therai^eutical results ; and
it was thence inferred that the excitation of the nerves in question had been
accomplished. This conclusion, I believe, was not justified ; and it has still

to be proved, notwithstanding the admitted recoveries, that it is generally

possible to direct an electric current upon the superior and inferior laryngeal

nerves through the skin. Gerhardt has been at the pains to test the effect of

the excitation in the only practicable way, by means of the laryngeal mirror,

and he obtained only negative or doubtful results. He found, in healthy
persons, on ap]:)lying the induced current to the regions of the neck that are

superficial to the course of the recurrent nerves,—namely, for the superior
laryngeal nerves to the vicinity of the superior cornua, for the recurrent

nerves to the inferior cornua of the thyroid cartilage,—that he i^rodixced

neither closure of the glottis, nor tension nor vibration of the vocal cords, nor
audible change of tone. He observed, on the contrary, after excitation on
both sides, a tremulous falling apart of the vocal cords after the utterance of

vocal sounds : the glottis in one case attaining one-half, in another three-

fourths of its normal inspiration width. After excitation on one side, he
observed a similar effect on the vocal cord of that side only.

* .'M. Lorget has shown, by direct and I crico-thyroid performs an important part

well-conceived experiments, that the
(
in the act of phonation.
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" I have repeatedly witnessed the same phenomenon myself, both in patients

and in healthy persons, and I have not been able to regard it as arising from
excitation of the recurrent, but only as the result of an impression upon the
larynx generally. I have seen this tremulous and uncertain condition of
the vocal cords chieiiy in sensitive and unpractised persons ; and in practised

persons also upon whom some unusual impression had been made upon the
larynx by cauterization, faradism, or galvanism, although the special nerves
and muscles of the organ had not been included in the circuit.

" While, therefore, I cannot admit that the result above described is a
satisfactory test of successful excitation of the recurrent, I think that we
possess, in energetic detraction of the epiglottis, a certain sign of excitation

of the siTperior laryngeal. This phenomenon may sometimes be produced
from within, and chiefly from the pyriform sinus, which is crossed obliquely

by the internal branch of the superior laryngeal—sometimes running under
an elevation of the mucous membrane (plica nervi laryngii, HyrtL).

" The reason why it is so seldom possible to excite the inferior laryngeal
nerves alone from the cutaneous surface may be found, I believe, in their

deep position, and in the layers of miiscle by which they are covered, and
which prevent, by their contraction, the pressing in of the electrode and the
penetration of the current. These layers are formed by the i^latysma,

the sterno-thyroid and sterno-hyoid, the omo-hyoid, the thyro pharyngeus,
and the crico-pharyngeus. The inaccessibility of the recurrent would also

often be due to the enlarged lateral portions of the thyroid body ; and the
adijiose tissue of the neck may also hinder the pushing in of the electrode

towards the deeper parts.
" Although, therefore, it cannot be denied that, in particularly favourable

conditions, with a thin neck, a small thyroid body, and a platysma not
extending far forwards, it may be possible to isolate the laryngeal nerves
from the surface

;
yet they generally, on account of their deep position, are

withdrawn from the reach of direct excitation, and any attempt to act upon
them, especially upon the recurrent, from the skin, must be regarded as a
highly doubtful procedure, not to be controlled by any satisfactory test of its

success.
" We must, of course, fully admit that, by the i:)ercutaneous application of

electric currents, therapeutic results have been obtained in cases of paralysis

of the vocal cords, and in disorders of innervation of all kinds, especially in

hysterical subjects. The observations of Bamberger, Gerharclt, von Bruns,
Tobold, Meyer, and Benedict, place this beyond doubt. Such knowledge,
however, affords only an uncertain and deceptive basis, and does not assist

in the si:)ecial treatment of a diseased part, such as a single paralysed mi;scle,

or group of muscles, with currents of a known intensity. On the one hand,
we are quite uncertain whether the current will generally penetrate to the
pai'ts requiring excitation ; and, on the other, the complicated functions of

the recurrent nerve deprive us of the power of influencing, through its

means, determinate groups of muscles ; such as those that open or close the
glottis, or that render tense the vocal cords.

" This deficiency of the percutaneous method has been perceived, of late

years, by others beside myself. Duchenne, Mackenzie, Gerhardt, and von
Bruns have all laid stress upon the possibility and necessity of direct elec-

trization of special portions from the pharynx. Dtichenne's observations lack

the laryngoscopic basis ; but the other authors named have employed the
mii-ror as a guide to the operating hand. Gerhardt and von Bruns alone

appear not to have gone beyond isolated experiments upon j^atients ; while
Mackenzie limits the direct action of the current to the vocal cords and the

arytsenoid cartilages, without having considered the complicated anatomical
relations, or the possibility of a detailed diagnosis, and of a localization of the

current corresponding thereto.
" The greater number of specialists in the domains of laryngeal disease and

electro-therapeutics, as Tobold, Meyer, Benedict, and others, content them-
selves with the percutaneous method, on accoimt of the diflficulty of the

H 2
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internal application, especially because of the irritability of the nracons
membrane of the month and larynx. The last-named author plainly declares

the direct excitation of the laryngeal muscles to be ' unnecessary.'
" During several years that I have studied this question, I have applied

myself, first, to perfect the method of application upon a number of persons
habituated to the process, and, next, to demonstrate its utility and thera-

peutical value in suitable cases. On the second question I have spoken else-

where ;

'^ and here I confine myself to the first.

" The direct electric excitation of the laryngeal muscles from the pharynx,
which in all other cases T prefer to the percutaneous method, is inapplicable

to one pair of muscles only ; and these only are easily accessible from the
surface. These are the crico-thyroid muscles (recte and obliqui, Henle).

They extend, in the front of the neck, both vertically and obliquely (from
above, downwards, and inwards), on both sides of the conoid ligament,

from the thyi'oid to the cricoid cartilage; and they are thrown into strong
contraction by two electrodes, placed one on each side of the conoid ligament.

Not only can the approximation of the two cartilages be felt by a finger in

their interspace ; biit a vocal note sounded diiring the contraction (by which
the tension of the vocal cords is increased) will be raised about a semitone.

" The isolated excitation of the internal laryngeal muscles from the pharynx,
is at first attended by gi-eat diflflculties, as well for the operator as for the

subject. For the first, rapidity in the introduction of instruments, without
unnecessarily touching the root of the tongue or the fauces, complete know-
ledge of the anatomy of the parts, with sjiecial reference to the objects of the

procedure, steady and certain holding of the electrode in the right place, and,

above all, patience, are required. For the patient, the at first constantly-

occurring annoyances, such as nausea, or even vomiting, acute hypersemia of

the mucous membrane, cough, temporary aphonia, &c. &c., can only be over-

come by weeks of steady perseverance. By the necessary perseverance on
both sides, we generally at last obtain such a tolerance of these sensitive

regions to the contact of the sponge-covered electrode, and to the action of

the electric stimulus, that the duration of each single excitation may be
extended to half a minute. Many of the persons that I experimented upon,
and of my laryngeal patients, became able, while the electrode rested, say in

one sinus pyriformis, not only to breathe quietly, but to execute swallowing
movements, and to sound notes, during the passage of the ciirrent. It will be

evident that movements of the internal soft parts dtiriug the action of the

ciirrent cannot wholly be prevented, even after longer practice, since muscular
contractions are produced, not only of a reflex character, but also by the

direct action of the current itself. The entire disappearance of the laryngeal

image from the mirror, at first very perplexing, is soon prevented by
practice.

" The strength of the induced or galvanic current that is applied is best

determined by testing it, immediately before, upon the face. An induced
current that produces distinct contraction of the frontal muscle, or of the

corrugator supercilii, a galvanic current from eight to twelve of Siemens'

elements, and producing faint twitching of the facial muscles, will be suflB-

cient, on account of the small size of the laryngeal muscles, their superficial

situation, and the moisture of the epithelial surface that covers them.
" As a laryngeal electrode, I use a slender sound, curved like a catheter,

screwed into a wooden handle, and insulated up to its point. This point

terminates in a Little knob, which is covered by a thin layer of the finest

sponge. The double excitor of Duchenne, in a somewhat modified shape, is

Tery useful for bilateral internal excitation. To begin with, an excitor may
be made from an English gum catheter, by cutting off its extremity down to

the eye, and by drilling a hole through the point of the stilet, so as to be able

to fasten the sponge securely. Mackenzie's laryngeal galvanizer, and von

' See " Larvngoscopisches und Laryngotherapeiitischf s,"' Beiifschen Arrhiv fur

Klin. Med'icm''B<\. II., H oft 3.
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Bran's laryngo-electrode are convenient instruments, since after their intro-

duction the circuit can be made and broken at pleasure, by pressure of the
finger upon a contrivance for the purpose. Such a contrivance is especially

useful for the simultaneous introduction of both poles into the pharynx. An
operator who does not possess these instruments, may allow the circuit to be
completed, by an assistant, with a second electrode, furnished with a larger

sponge covering, and applied either to any distant part of the body, or,

in therapeutical procedures, to some selected spot of the surface over the
larynx, as soon as the laryngo-electrode is in its place.

" The introduction of the laryngo-electrode should be accomplished quickly,
with the right hand, and without any avoidable contact with the teeth,

tongue, or faiices ; while its course is watched in the mirror held in the left

hand.
" Among the immediate effects of the excitation, hyperaemia of the selected

spot and its vicinity, increased mucous secretion, transient hoarseness,
inclination to cough, and jmn in the neck, are unavoidable. These effects

mostly disappear in a few hours, or even sooner. The therapeutical effect,

where any such is to be exj)ected, shews itself after the disappearance of the
first effects ; but, after the early sittings, has usually itself disappeared by
the next morning. That the irritation of the mucous membrane of the
posterior surfaces of the aryteenoid cartilages, of the pyriform sinuses, or of
the vocal cords, in long continued treatment, may occasion acute inflamma-
tion, ulceration, or soreness, need not be feared, if pauses of a few days are
made, from time to time, between the otherwise daily applications. Even in

continuing the treatment for many months, I have never seen any injurious
local action.

" The localization of the electric current upon the several muscles is to bo
accomplished as follows :

—

" The arytsenoid muscle (transversus) is the easiest to reach with the
electrode. As soon as the point of the electrode is placed upon the posterior

surface of the aryleenoid cartilage, the circuit should be closed by an assistant,

or in any other manner. By the shortening and contraction of the arytsenoid

muscle, the posterior surfaces of the arytsenoid cartilages are arched, and the
cartilages are approximated. On this account especial care is required, lest

the occurrence of the contraction should cause the point of the electrode to

slip from its place. The juxtaposition of the cartilages that is produced by
the aryteenoid muscle is very energetic. Absence or incompleteness of the
effect, in consequence of paralysis or paresis of the muscle, is a very important
and common cause of aphonia and hoarseness, especially in the hysterical.

The diagnosis of this condition presents no difficulty even to the inex-

perienced.

The crico-arytcenoideus lateralis is to be reached at the bottom of the
pyriform sinus, in a direction backwards, in the immediate vicinity of
the outer margin of the plate of the cricoid cartilage ; but it requires great
dexterity and practice in laryngoscopic localization. The point of the
electrode must take a course directly downwards, and must be &mly pressed,

so as to reach the muscle by stretching the rather loose mucous membrane
that covers it. The tendency of beginners is to bring the point of the
electrode too far forwards in the pyriform sinus ; and, in order to counteract
this, I advise a larger and longer curve to be given to the electrode, and the
handle to be depressed during the action.

" The effect of isolated excitation of the crico-arytsenoideus lateralis is to

produce slight rotation of the arytsenoid cartilages, with movement forwards
and inwards, so that the processus vocalis and the free edge of the vocal cord
approach the middle line. The glottis is little influenced by this, only so far

as the cartilage, and especially the vocal process, change their relative position

to their fellows. If the patient inspire quickly and deeply during continuous
contraction of the muscle, the vibration of the prominent, and yet lax, vocal
cords produces a loud jarring sound, and their vibrations may be clearly

seen.
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" The thyro-aryfsenoidetis externus (Henle), or ary-syndesmicus (Luschka
Merkel), which rests close against the anterior and ujiper margin of the crico-

thyroideus lateraHs, and also the thyro-aryt^uoideus internus, lying some-
what further inwards, can both be reached from the pyriform fossa. The
position of the electrode must be chansied, so that its point presses down-
wards, inwards, and forwards ; while the handle is carried upwards and out-
wards, towards the upi^er teeth and angle of the mouth.

" The effect of the direct excitation of the thyro - arytsenoideus, thus
produced, consists only in a drawing of the arytsenoid cartilages forwards
and downwards. It is manifest that no tension of the vocal cords can be
produced, so long as the arytsenoid cartilages are not fixed inwards and
backwards by the arytfenoidei transversales and the crico-arytsenoidei

postici ; nor the thyroid and cricoid cartilages approximated by the crico-

thyroidei.
" In these excitations from the pyriform sinus, in which a certain degree of

pressure is required, care must be taken not to confound mechanical move-
ments imjjressed upon the jmrts of the larynx by the point of the electrode

with movements resulting from muscular contraction. To prevent such an
error, it is necessary to study the iDosition of the aryttenoid cartilages, and of

the soft parts, after the introduction of the electrode, with the cii'cuit at first

oi^en, and then closed.
" The two thyro-arytfenoidei interni can be reached from the glottis, by

placing the electrode, during insi:)iration, quickly and steadily upon, or
between the vocal cords. By closure of the glottis by reflex action, the
sponge-covered end of the electrode will be caught between either the true
or the false vocal cords. In the fiivst case it touches the former by their

margins, in the second, from above. This method of excitation is highly
irritating to the mucous membrane of the larynx ; and should not be often

repeated diu-ing one sitting.
" The crico-arytfenoidetis posticus, the actual dilatator glottidis, lies upon

the posterior surface of the cricoid cartilage, on either side of a central

prominence. According as it is wished to stimulate the right or the left

miTscle, the point of the electrode must be made to glide from the arytsenoid

cartilage either to the right or left behind the plate of the cricoid cartilage.

At first the constrictor muscles offer strong resistance ; and it is sometimes
necessary for the i:)atient to swallow, in order that the electrode may be
guided to its right place. Sometimes these muscles may be excited from the
pyriform sinus, by carrying the electrode backwards and downwards. As
soon as the muscle contracts and bulges, the electrode is liable to slip from
its place ; so that its position should be attended to.

" The effect is slight rotation of the arytasnoid cartilages on their axis, in a
direction outwards, and also movement of them backwards and outwards, so

that the glottis is completely opened. If the patient attempt to produce a
note, while one muscle only is excited, a false and deeper note is produced,
since only the vocal cord of the other side is brought into play.

" The muscles of the epiglottis, which receive their nerves from the superior

laryngeal, namely, the thyro- and ary-epiglottidei, can be excited either

directly—from the lateral portions of the base of the epiglottis—or indirectly,

where the internal branch of the superior laryngeal nerve passes through the
laryngo-pharyngeal sinus.

" The glosso-ei)iglotticus, which consists, according to Luschka, only of a
few terminal bundles of the longitudinalis linguae superior, in the neighbour-
hood of the glosso-ejiiglottic folds, can seldom require the attention of the

surgeon. It can be reached, from the glosso-epiglottic ligament, more easily

than any of the muscles that have been mentioned.
" The vagus nerve can be reached, according to Duchenne, from the

oesophagus ; and, according to Semuola and Gerhardt, from the surface of the

neck. The first method presents many difficulties, since the operator works
in the dark. The second is easier, but of still more doubtful value ; since,

on account of the deep position of the nerve, even when the electrode is in
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the right position (on the inner margin of the sterno-mastoid, immediately

below the omo-hyoid), the thickness of the superincumbent soft parts protects

the nerve in most cases, if not always. My experiments with both methods
have, as yet, led to no positive results."—^. 7'.]

Fig. 39.—Dr. Morell Mackenzie's laryngeal rheopliore.

6.

—

Faradization of the stomach, the liver, the lungs, and the heart

Even when moist rheopliores are employed, and whatever may
be the strength of the current, the thickness of the thoracic

and abdominal parietes will not permit the electric excitation to

reach the regions situated within their cavities. Most of these

organs may, however, be faradized indirectly, thanks to the

pneumogastric, which is accessible to rheophores in the pharynx

and in the oesophagus. It is plain that the effects of faradization

of the pneumogastric must vary according to the height at which

that nerve is excited. From the lower part of the oesophagus, the

excitation of the nerve is communicated solely to the stomach and

the liver ; while from the upper part of the pharynx, it is com-

municated to all the organs that the nerve supplies. To faradize

the pneumogastric at its upper portion, the olive of the rheophore

should be carried over the inferior and lateral part of the pharynx,

and the circuit completed by placing the second rheophore on the

nucha.^

When it is wished to limit the action to the stomach and liver

an olive-shaped rheophore should be carried by an insulated stem,

to the cardiac orifice, and the circuit completed by placing the

second rheophore upon the epigastric region.

Is faradization of the pneumogastric sometimes indicated ? At
present, experience has taught us nothing worth notice as to the

therapeutic value of the proceeding. I hope, however, that it may
be applied with success to the treatment of certain obstinate

* It is necessary to remind the reader
that in its cervical portion the pneixmo-
gastric rests during its whole course upon
the prevertebral muscles; that in the

angular space it is covered posteriorly, on
one side by the internal jugular vein, on
the other by the common and the internal

carotid artery ; that the superior laryn-

geal nerve, which springs from the in-

ferior and internal portion of the gangli-

form plexus, lies below and to its inner
side, and that, arrived at the side of the

I^harynx, at the level of the middle con-

strictor muscle, it gives oft' the external

laryngeal, and tlie nerve of arrest of

Sion.
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nervous affections of the viscera of the chest or abdomen,—for

instance, to gastralgia. It is needless to say that, in these cases,

the faradization of the pneumogastric should be practised at

different heights.

The procedure is not always free from danger. I need only

recall the important organs that are subject to the pneumogastric,

in order to impress upon my brethren the need of great caution in

similar researches. The following accident occurred in my prac-

tice, and may serve as a warning to others. Whilst moving a

rheophore over the lateral and superior parts of the pharynx, with

a current of rapid intermission, but moderate intensity, the patient

fell suddenly into syncope. When restored, he said that he had

experienced a kind of suffocation, and an indefinable sensation.

Since then, having faradized the pneumogastric many times at the

same height, with one intermission per second, and with a very

moderate current, the same accident has not occurred, but the

prsecordial sensation has been felt every time. I once saw the

necessary caution neglected, in faradiziug the pharynx of a young
man, in whom that organ, and the velum palati, were paralyzed

consecutively to an angina. A profound syncope was immediately

produced by the operation ; and, in this case I have no doubt that

the pneumogastric had been irritated by the current.

Faradization of the pneumogastric at the lower part of the

oesophagus may be practised without inconvenience.

Case 11.—I made this application, in fact, a score of times, upon a woman
named Celestine Bonhamy, twenty-three years of age. The metallic oliye,

with its insulated stem, was carried to the lower part of the cesophagus, and
was bulky enough to be in contact with the internal surface of the canal, so

that the pneumogastrics, which, at the cardiac surface, are i3laced close to the
wall of the cesophagus, one in front and the other behind, could not escape

the action of the electric excitation. The rheophore (a moist sponge in a
cylinder) was placed upon the epigastrium. The application was made with
a view to modify the state of the digestive tube, which had seemed to be
paralysed for a month. The stomach was enormously distended with gas,

and the constipation obstinate. When I allowed the current to pass with
one intermission a second, the patient felt moderately painful shocks at the

level of the olive ; the stem was shaken by an evident movement, and the

patient liberated a considerable quantity of flatus. But no appreciable phy-
siological phenomenon was produced diu'ing the operation ; even when I had
increased the force of the current to the maximum of the apparatus. Once
I employed a very rapid current of slight intensity. The pain was very
acute, the patient complained of a deep constriction; but this was all.

There was no appreciable modification of temperature or circulation.

I cannot leave this subject without mentioning an. experiment

that I made upon a man, after faradization of the pneumogastric.

I examined his urine after this excitation (once only, it is true),

and discovered the presence of glucose by the usual tests (liquor

potassae and Barreswell's solution). There was no glucose in his
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urine ordiuarily. I believe this to be the first repetition, on roan,

of the experiments of M. CI. Bernard upon animals ; in whom he

produced a temporary diabetes by faradization of tlie pneumo-

gastrics.^

7.

—

Faradization of the diaphragm.

I shall explain the method of applying faradization to the dia-

phragm, in the electro-pathological study of that muscle.

[Duclieune's method of exciting the diaphragm is to place a conical metallic

rheophore, covered with wet leather, on each phrenic nerve, to allow a very
rapid current to pass, and to interrui^t it at regular intervals to allow of

expiration. In order to tind the phrenic nerve, he presses the skin of the

neck in opposite directions (outwards and inwards) by two fingers placed
over the external border of the clavicular fasciculus of the sterno-mastoid.

The rheophore is then placed between the fingers, across the course of the
nerve and pressed down.—//. T.]

8.

—

The portion of intestine com'prised 'between the stomach and the

rectum, although inaccessible to direct faradization, may be excited

by reflex action.

It is possible to excite the intestine indirectly, by a sort of

reflex action, by placing the rheophores on two very distant points

of the canal. Thus M. Leroy (d'Etiolles) has j^roduced evacua-

tions by passing galvanic currents from the mouth to the rectum.^

In 1854 (the time at which I made my experimental researches

upon the functions of the diaphragm), I repeated this experiment

upon horses, with M. U. Leblanc, by passing an induced current of

rapid intermissions. I confess that I was not able to obtain an

alvine evacuation, whatever might be the intensity of the induced

current. But we remarked that during its passage, if it were

intense and very rapid, the sacro-spinal muscles, the respiratory

muscles, and the motor muscles of the limbs, became tetanic.^

' Lefons de Physiologie experimentaU. i and one of the members of the council

Paris, 1856. Tome i. has proved, by application to the living

Leroy (d'Etiolles), Memoire siir le

traitement de I'ileus et des etranglemtnts

intestinaux internes, lu a VAcademie de
M^de'eine, 1826, suivi d'un rapport de
M. P. Dubois {Archives g€ae'rales de

Medecine, tome iii.). Rapport fait a la

Societe' ge'ne'rale des naufrages (^Asphyxie),

hiunan subject, that it is possible in this

way, without risk, to produce energetic

intestinal contractions. Lastly, M. Les-
trohan has shown, by experiments upon
animals, the utility of the same current
in asphyxia."

The experiments were conducted in

Journal de la Socie'te' generate des nau- ! various ways. 1. In a horse lying ujion

frages, tome iv. 1840.
" To stimulate the contractility of the

digestive tube, there is," he says, " another

its side, its feet secured by hobbles, the
rheophores of my induction instiument
were placed, the one in the mouth, and

and a more powerful means, more speedy
j

the other in the anus, the instrument
and less hurtful than tobacco fumigations,

I working with rapid intermissions and a
namely, the establislmient of a galvanic

, medium degree of intensity. They
current from the mouth to the anus, immediately produced general tetaniform

This contractile action was long ago dis- convulsions in the limbs and trunk,
played by experiments upon animals ; but no alvine evacuation. During the

N
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This method of electrization of the intestine acts upon the spinal

cord and upon the raeduHa oblongata with much more energy than

the former. It is the excitation of the nervous centres which pro-

duces the tetanic contraction of so large a number of muscles

;

and it is therefore necessary to have recourse to the procedure

very cautiously, and to administer only a gentle dose, lest we
should produce asphyxia by artificial and prolonged contraction of

the respiratory muscles, or by arrest of the heart's action. I shall

return to this procedure, which has also been used in the treat-

ment of asphyxia.

This proceeding, besides being dangerous in certain cases, could

only be used in very slight intensity in the human subject ; be-

cause the rheophore, applied to the mouth, would excite the

extreme sensitiveness of the fifth pair of nerves, and would pro-

duce phosphenes. I attempted this operation on the patient

mentioned above ; but she could not bear it, even when very

slight. I then modified it as follows : one rheophore was placed

in the oesophagus, near to the cardiac orifice, the other in the

rectum. It was then possible to use a full current. The whole

intestine was evidently excited, and the patient had daily colic

and abdominal pains, but I did not succeed in overcoming the

constipation.

I see no necessity to employ these proceedings, which are

painful, and not free from inconvenience. By placing one rheo-

phore in the rectum, and a second (moist) on the abdominal wall,

I have often succeeded in obtaining an alvine evacuation. This

method produced a stool in an hysterical woman who had suffered

for three weeks from a constipation that M. Briquet had been

unable to overcome, and whose abdomen was enormously tym-

panitic.^ By the same method I relieved internal strangulation

of the intestine in a woman who would have undergone an opera-

tion if I had not succeeded. I shall recur to this case by-and-

by.

§ II.—FATiADIZATION OF THE OEGANS OF THE SENSES.

I proceed to set forth briefly the different methods of faradi-

zation that are most successful in paralysis of the senses.

first second, the respiration was sus-

pended ; but on its return, it was acceler-

ated during the five or six seconds that

the experiment lasted,

influence of the induced cm-rent passed,

as in the former exiDcriment, from the

mouth to the anus, whatever might be

its intensitv. The tetaniform contractions

The heart continued to beat throiigh-
j

of the limbs and of the trunk were

out the whole exjjeriment, and with I carried to their utmost limits, so as to

increased rapidity. 2. In another horse
[
constitute opisthotonos,

that was about to be killed at Monlfau9on, ^ Briquet, Traite clinique et therapeu-

and that I laid ojoen, I did not observe I tique de I'hysterie, p. 661. Paris, 1859.

any appreciable contraction under the i
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A.

—

Action upon paralysis of touch.

Apply moist rheophores on the track of the collateral nerves,

and to the pulp of the fingers.

B.

—

Action upon certain forms ofparalysis of the retina

{amaurosis).

I have shown in the preceding chapter, that galvanism possesses

the special property of exciting the retina very acutely
;
producing

luminous sensations when moist rheophores are apj^lied to parts of

the face on which the branches of the fifth pair ramify ; and that

these sensations increase in acuteness as the rheophores approach

the median line. It suffices to recall these facts, in order to

know how to operate, when it is an indication to excite the retina,

as in amaurosis. In default of a galvanic current, it would be

possible to use the induced current of the second helix of a niag-

neto-faradic apparatus. The action of this current upon the retina,

although less than that of galvanism, is still sufficiently powerful.

To direct excitation of the retina may be added electro-cuta-

neous excitation of the circumference of the orbit.

I shall hereafter describe the methods of faradization of the

ocular muscles, in treating of paralysis of these muscles.

C.

—

Action upon paralysis of hearing.

(1). Fill the external auditory meatus with tepid watei-, and

place a metallic rheophore—a sound, for example—in the water.

Complete the circuit by a second rheophore on the nucha. (This

method, to which I shall return, has allowed me to institute

electro-physiological and pathological researches into the uses of

the chorda tyinpani.)

The sensibility of the membrana tympani is very great ; and

hence it is necessary to avoid rapid intermissions and intense

currents. I purpose to treat specially of certain forms of nervous

deafness ; and we shall then see that some of these forms, and

even some of congenital deaf-mutism, have been successfully

treated by these procedures.

D.

—

Action on paralysis of smell.

A moist rheophore being placed over the nucha, the second (a

metal sound of small diameter, insulated by caoutchouc except

at its extremities) is moved over all points of the nasal mucous

membrane.

It is often sufficient to excite very feebly the general sensibility
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of the raucous membrane, in order to recall the lost or weakened
sense of smell.

E.

—

Action upon paralysis of taste.

The metallic rheophores must be moved over the base and over

the borders of the tongue.

Electric excitation of the senses of sight, hearing, smell, and

taste, should be performed with extreme circumspection, because

liable to react acutely upon the brain. It is, therefore, contra-

indicated in all cases in which it is necessary to avoid central

excitement. In operations of this kind, we should always com-

mence with a minimum dose, increase it gradually, and never

produce much pain. It is also prudent to use a current of slow

intermission.

Faeadization of the male genital organs.

The secretion of semen may be diminished or perverted ; and it

follows that the sexual appetite is not awakened by the generative

instinct, and that erection is absent or incomplete. It may be

indicated to act upon the secreting organ of the semen, the testis

;

and also upon the reservoirs in which this secretion is elaborated,

the vesiculoe seminales.

Faradization of the testicle is extremely simple. The moist

rheophores are placed upon the scrotum, over the testicle or the

epididymis. The current traversing the skin, concentrates its

action upon the glands. The sensation produced is very painful,

and extends to the loins, if the current be intense, and especially

if the intermissions are rapid. It is analogous to that produced

by compression of the testicle or of the epididymis. The latter is

more sensitive to electric excitation than the former. Faradization

of either should be performed with a moderate current ; since

their over-excitation may be followed by a very painful neuralgia,

as happened in the case of a patient treated by myself. I may
here repeat that the current of the first helix, even if of feeble

tension, excites these organs more acutely than that of the second

helix.

Faradization of the vesiculae seminales is accomplished by the

aid of the rheophore for the rectum already described. The bowel

being first emptied, the rheophore is introduced, and so directed

that its olive-shaped termination may be brought into relation

with the vesiculse. For this purpose, it is sufficient to move the

rheophore from right to left, and vice versa. A strong current

will penetrate the intestine, and reach the vesiculoB, exciting them

energetically. I need not say that the circuit should Le com-
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pleted, by placing a second rlieophore on some insensitive part of

the body. When there is no contra-indication, I introduce the

second rheophore into the bladder, and excite the has fond, so as

to place the vesicnlse between the two rheophores.

The seminal fluid often dribbles away, not only in consequence

of a kind of paralysis of the vesiculae, but also fi-ora paralysis of

the levator and sphincter ani, and of the muscles of the urethra.

It is then proper not only to faradize the vesiculre, but also to

direct the excitation upon all the muscles that concur in the act

of ejaculation. Faradization of the levator and sphincter ani has

been described. The bulbo and ischio-cavernous muscles are

faradized like those of other regions of the body ; by placing moist

rheophores on points of the skin corresponding to their surface.

There may exist a kind of weakness or paralysis of the ejacu-

latory ducts, which occasions seminal losses, or a too rapid

emission during sexual congress. This affection may be cured

by faradization of the orifices of the ejaculatory ducts, by means

of an urethral rheophore terminating in a little olive-shaped

metallic knob, the stem being insulated by a caoutchouc sound.

The knob is introduced into the urethra as far as the orifice of

the ducts, and the second moist rlieophore is placed upon the

perineum. I shall return to this important question when I treat

specially of paralysis of the genito-urinary organs.

The testes, the skin of the penis, the scrotum, the perineum,

the glaus penis, and the urethra, may be in a state of complete

angestliesia. I have seen impotence that could be referred to no

other cause than this general insensibility of the genital organs.

In such a case I used the following methods of faradization. I

excited the sensibility of the testicles by the method described

above. Then a vesical rheophore was moved slowly along the

urethra, acting principally upon the most irritable points, the

fossae navicularis. Lastly, electric fustigation by metallic threads

was employed to restore the sensibility of the skin of the penis

and scrotum. I shall return to this case hereafter.

Paet the Fifth.

The General Effects of Localized Faradization.

Beyond the local and immediate action produced by electric

recompositions, occurring within organs, faradization exerts also

general effects, of which it is necessary to take account in practice.

The influence of general excitation may increase the secretions, the

perspiration for example ; and it may make itself felt by this or

that organ, according to individual predisposition. It is thus that,
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in amenorrlioea, the menstruation is recalled or modified by fara-

dization, in whatever manner it is applied.

I have proved that electro-physiolos^ical excitation is limited, in

general, to the jDoints wliich are in relation with the rheophores

;

but it is a belief widely diffused among practitioners, that faradism

always over-excites the nervous centres. If this belief be well

founded, we may see how much danger would attend the use

of such a therapeutic agent, in the treatment of certain forms of

paralysis, and especially of cerebral paralysis.

By taking care to keep the rheophores near together, it is cer-

tain that the action of the currents is felt but feebly by the nervous

centres. In the following chapter I shall describe the means of

directing the excitation upon these centres, when it is necessary to

excite them.

It would be easy for me to show that faradization reacts upon

the nervous centres, only by the intermediation of the sensibility

that it over-excites. When we produce contractions, by the

influence of a very intense and rapid current, in muscles that are

paralysed in consequence of cerebral hemorrhage, and that are at

the same time deprived of their sensibility, the electric excitation

will be localized in the parts to which it is applied, the muscles

will contract energetically, and the patient will not even have any

consciousness of the process. However frequent or long continued

the operations, he will be in no way incommoded. If, on the con-

trary, the same current be applied, in the same patient, to muscles

that retain their normal sensibility, it will not only produce imme-

diate and very acute pains in the muscles themselves, but will

pi-oduce also a general over-excitation that may be a source of

danger to the brain.

It appears from these considerations that localized faradization

reacts very faintly upon the nervous centres, when so practised as

not to excite the sensibility too acutely ; and Avhen the rheophores

are kept near together.

But there is a point which it is impoi-tant to know in every

application of electricity to man : I refer to the dynamic influence

that may be exerted upon patients by the change in their natural

electricity that is produced by electrization. In order to give any

account of these phenomena, it is essential to explain the physical

change that is wrought in the body by the action of the faradic

current. At the moment when the rheophores of an induction

apparatus are applied to the surface, the natural electricity of the

dermis is decomposed, and opposite electricities collect towards

each of the rheophores, and escape in sufficient quantity to

neutralise the current that comes to trouble their repose. This
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neutralisation being effected, the two opposite electricities, by
which the body is still penetrated, reunite to regain their normal
state, and do not again separate until a new current comes to

disturb them. Such is the series of physical phenomena pro-

duced, more or less frequently, in man ; according to the rapidity

and the frequency of the induced current that is directed upon his

organs.

The modifications that are thus wrought in the natural state of

the electricity of the human body do not produce, iu general, any
appreciable dynamic effect. But it should be known that, in cer-

tain nervous conditions difficult to analyse or to explain, man does

not bear with impunity these changes in his electric state. There
are then developed certain general jDhenomena, which, if they do
not contra - indicate the use of faradization, at least show the

necessity for caution in its employment. It is well known that

some persons are very sensitive to electric changes in the atmos-

phere. I know a lady who, during a thunderstorm, is stricken for

some hours with general paralysis. I have also seen persons who,

under the influence of faradization, suffer from singular nervous
troubles. These general effects are not produced by the excitation

of organs ; but appear to depend upon the modification of the

electric state of the body. Thus faradization may produce
dazzling, a feeling of faintness, or general numbness, although the

operation, very slightly performed, has occasioned no local sensa-

tion. I have seen, in La Charitd, a young paralysed girl so

sensitive to the influence exerted upon her general state by in-

duced currents, that faradization was contra-indicated in her case,

although it produced no local sensation. I append an account of

the case, which was one of much interest :

—

r«ve in.— Salle St. Vincent, No. 26 (service de M. Andral)—Eugenie Thon-
venir, aged sixteen, born in Paris, of good constitution and lymphatic
temperament. Continual contraction of the flexors of the fingers and thumb
of the left hand ; so that the fingers cannot be extended hj any effort. The
patient can herself flex and extend the left fore-arm. She walks without
dragging the left leg; but is easily fatigued, and feels a weakness of that
side. On the left, a needle thrust deeply into the tissues, or a hard blow on
an osseous surface, produces no sensation ; the hands and feet have lost tactile

sensibility. In standing or walking, she feels the ground only with the
plantar surface of the right foot. On the left side there is insensibihty of

the skin of the face, of the conjunctiva, and weakening of sight, loss of smell,

taste, and of the general sensibility of the nasal and buccal mucous mem-
brane. Although thus insensitive to impressions from without, the patient

suffers from frequent and deep-seated pains in the left arm and leg. She
cannot bear pressure on a fixed and limited spot below her breast, which is

the seat of continued pain. She vomits five or six times daily, either food or
drink. She has no attacks of hysteria, no strangulation, no palpitations, no
abnormal heart murmurs ; but a murmur in the carotid.

At the first st'ance for faradization, excitation of the skin, muscles, bones, or
periosteum, and even of the nervous trunks, occasioned no kind of sensation
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on the diseased side. The muscles contracted in response to the excitation,

but without the consciousness of the patient. At the second seance, as at the

former, slie felt some of the local sensations commonly produced by electric

recomposition ; but she complained of a kind of stitch in the left side, with

suffocation, palpitations, dazzling, nausea, and cephalalgia. These pheno-
mena were more severe, the stronger the current, and the nearer the rheophores

were placed to the precordial region. If the rheophores were apphed to the

healthy side, the ordinary phenomena produced by electric recomposition

were displayed without any general effects. These strange phenomena
induced me to repeat the following experiment several tim.es, in the presence

of MM. Andral, Therial, Lacaze, and the students in attendance upon M.
Andral's chnique. We arranged so that the patient could neither see nor
hear what was done ; and then the rheophores were placed at the lower

extremity of the left leg, so as to produce electric recompositions in the skin.

As soonas the aj^paratus was set in action, the symptoms above described

ajDpeared. Leaving the rheophores in place, the course of the current was
interrupted in a manner that the patient could not know, and instantly the

symptoms disappeared. The rheophores, placed upon the healthy side, pro-

duced either muscular contractions and sensations or a burning sensation,

according to the tissue in which the electric recompositions occurred; but
they never occasioned any of the general jDhenomena described above. This

experiment repeated very frequently, and on many days in succession, gave
always the same result. The patient was so sensible of the electric influence

that she recognised the very faintest currents when applied to the diseased

side ; although the iDhenomena occasioned by the same currents, when applied

to the sound side, were scarcely appreciable. Every time that she was
exposed to the current, however feeble, and for however short a time, she

suffered for a long i^eriod afterwards from pains in the head, disturbance of

vision, general malaise, a stitch in the side, and a redoubled occvuTence

of vomiting to which she had long been subject.

It is very difficult to find the key to these singular phenornena.

The theory of local electric reeomjDositions is certainly not appli-

cable to them ; because, on the left side, the patient was deprived

of sensation in the parts on which I acted, and did not experience

any of the ordinary physiological effects of electric recompositions,

occurring in the skin, in the muscles, &c., &c. They can only be

explained by the reflex action of some important point in the ner-

vous centres, under the influence of the peripheral excitation of

certain zones ; although the organs excited were themselves struck

with insensibility.

An extreme reflex excitability of the nervous centres, of the

heart, or of the respiratory organs may also be developed under

the influence of certain pathological states. Faradization is then

a two-edged weapon. However, by proper circumspection, we may
always avoid danger. We may even, under certain circumstances,

take a fortunate part in sustaining or in regulating functions

essential to Hie, such as those of the heart, or of respiration. I

shall have occasion to record a remarkable case, in which a slight

electro-cutaneous excitation with the hand, on the precordial region,

prolonged for many days the life of a patient who, during con-

valescence from membranous angina, and under the influence of
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diphtheritic poison, being in a state of extreme excitability, had

attacks of grave syncope, and was constantly in danger of arrest of

the heart's action.

The general nervous disorders in question may sometimes be

produced even when the subject is in his natural state. Thus, I

could mention one of my confreres and friends, who cannot submit

to electrization without experiencing vertigo, dazzling, S^c, how-

ever feeble may be the electro-physiological effects produced in

him. I am unable to say what are the causes which predispose to

this extreme susceptibility to electric influences.

From the facts stated above, I deduce the following proposi-

tions :

—

1. The changes Avrought in the state of the natural electricity,

by which the human body is pervaded, may produce, independently

of tlie local electro-physiological phenomena due to localized

faradization, general effects of a particular kind.

2. Most commonly, these general effects are not appreciable.

They are only manifested in certain rare idiosyncracies, or patho-

logical conditions, the causes of which are usually unknown.

3. These general effects, the chief of which are giddiness,

dazzling, nausea, and even vomiting, render the application even

of localized electrization difficult. Sometimes they contra-indicate

its employment.

4. We may, however, under certain circumstances, have recourse

to it, in order to encounter serious disorders of the circulation or

respiration.
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CHAPTEK III.

HISTORICAL AND CRITICAL OBSERVATIONS UPON THE PRINCIPAL

METHODS OF ELECTRIZATION.

Whatever preferenoe I may declare for the method of electriza-

tion described in the foregoing chapter, has not been arrived at

without long comparative study of each of the methods that have

preceded it. In the present chapter I purpose to set forth the

results of these researches.

Static electrization (by the electrical machine) is the most

ancient of all modes. I have already, in the first chapter, said

enough about its physiological and therapeutical properties ; and

its application for the purposes of treatment is now generally

abandoned.^

I propose, therefore, to examine as briefly as possible, and to

compare, by the light of my own experience, the therapeutic value

:

1. of electro-puncture ; 2. of electrization by reflex action ; 3. of

localized electrization by induction currents and by interrupted

galvanic currents ; 4. of continuous constant currents ; and I shall

preface the therapeutical results of my own practice by certain

physiological considerations.

Part the First.

on the value of electro-puncture as applied to the

treatment op paralysis.

§ I. Historical retrospect.

The application of electro-puncture to the treatment of paralysis

was a distinct step in advance, when Sarlandiere introduced it into

practice. In order to estimate correctly the services rendered

to therapeutics by this method of electrization, it is necessary to

recall what was then the state of medical electricity.

It is well known what enthusiasm this agent excited in its

infancy, when the electrical machine was first invented. We may,

indeed, find records of incontestable cures, due to the use of elec-

tricity of tension, in the authors who were employed about the

subject at the time in question, that is from 1743 to 1754. Kruger,

professor at Helmstadt, was the first to use electricity as a curative

[' See Observations, p. 9.—fl. T.]
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agent, in the beginning of 1744; Two years later, in 1746, when

the effects of the Leyden jar (the strong discharges of which had

at first inspired great terror), had become familiar, Hermann Klyn

cured, by this instrument, a woman who had been two years

paralysed. After these observers came the Abb^ Nollet, Privata

of Venice, Sauvage, and Zindult, a Swedish physician, who used

the jar in the treatment of chorea in 1753.^

Medical electricity, unjustly abandoned some years after its birth,

had been taken up again with fresh ardour. Manduit was nomi-

nated reporter to a commission by the Eoyal Society of Medicine,

in order to determine the actual worth of electricity in paralysis.

Notwithstanding the brilliant report of this learned physicist, made
in 1773, and in which the cure of paralysis by electricity was

represented to be the rule ; notwitlistanding the works of the Abbd
Bertholon, in 1779, of Cavallo, in 1780, of James Larry, in 1800

;

and notwithstanding a great number of treatises which were pub-

lished upon the subject in France, in England, in Germany, and

elsewhere, electricity was unable to bear the test of time. The
results obtained from it were not in accord with the hopes that

had been entertained by some ardent minds, and there followed a

period during which the agent suffered under disrepute.

The discovery made by Galvani in 1789, and, soon afterwards,

the pile of Volta, afforded to medicine a new and precious source

of electricity ; of which numerous applications were made in

practice, especially in Germany, from 1797 to 1804. I shall

return to this as a matter of history, when treating of the applica-

tion of continuous currents. But, this time also, either that the

possibly exaggerated predictions of experimenters were not generally

realized in practice, or that the proper method of application was

not known, or that the instruments then in use were insufficient

or irregular in their action, or difScult and inconvenient of use,

galvanism was unable to preserve medical electricity from general

neglect.

Such was the state of things existing in France, at the time

when Sarlandiere conceived the ingenious idea of using acupunc-

ture in order to direct and limit the power of electricity in the

deeper parts of the organism.^ This method, which supplemented

the weakness of the instruments by increasing the physiological

2 We may even carry back medical
[

creature is foimd ; and I have known an
electricity to times still more remote ; for inhabitant of Martinique who was cured
that of the torpedo was employed by the

|
of facial hemiplegia by the discharges of

ancients, even before Galen, as a remedy the torpedo.

against a certain number of diseases. I
^ Sarlandiere, M^moires sur Velecfro-

Some physicians employ it even at the
j

puncture. Paris, 1825.

present day in the countries where the

I 2
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action of the electricity, without exposing the patients to the

startling effects of the Leyden jar, soon superseded the older modes

of application, and gave new life to medical electricity. Magendie,

by his talent and by the authority of his name, powerfully contri-

buted to its popularity.

§ II. Critical considerations.

I shall next endeavour to show that electro-puncture is far from

the attainment of the end that was proposed by Sarlandiere and

Mfigendie.

1. Electro-Juncture does not exactly localize electriciti/ in the organs.

I hope to afford proof of the foregoing proposition, by analyzing

successively the phenomena of electro-cutaneous sensibility, and

the phenomena of electro-muscular contractility and sensibility,

that are witnessed under the influence of electro-puncture.

In thin patients, or in those whose subcutaneous cellular tissue

is scanty, needles thrust into the skin, in such a manner as not to

pass through the dermis, produce, even under the influence of a

very feeble current, simnltaneous excitation of the skin and of the

muscles and nerves, if the needles are placed over the course of

muscles or nerves. In order that the excitation may be confined

within the skin, it is necessary that the cellular tissue should be

either plentiful or infiltrated with serosity, and that the current

should be extremely weak.

Electro-puncture cannot produce muscular contraction without,

at the same time, exciting the sensibility of the skin. In order to

prevent this effect, M. Petrequin has covered the needles with a

layer of caoutchouc, leaving only their extremities free, for an

extent of one or two millimetres, commencing a millimetre from

the point. But the covering of caoutchouc, which is not very

thick, speedily becomes moistened and softened when the needle

is plunged into the tissues. It then permits the passage of the

current ; and the skin is excited almost as acutely as if the needle

were bare. Patients on whom I have made comparative trials

with the insulated and with the common needles, have been

unable to discover any difference between tliem as far as regards

their action upon the skin.

The cutaneous sensation produced by electro-puncture masks

the muscular sensation produced by the direct excitation of the

muscle into which the needle is plunged. It might be supposed

that the two sensations are the same, and that they blend to-

gether ; but this is not the case, as may be shown by the following
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experiments. In wounded persons I have inserted needles in

denuded portions of muscle, and also at points where the muscles

were still covered by unbroken skin ; and I have applied electricity

in both situations. In the former, I produced the dull sensation

proper to muscular excitation ; such as is commonly produced by
placing moist rheophores upon the healthy skin. In the latter

the sensation was very acute ; and resembled that which follows

electro-cutaneous excitation, as in faradization by metallic threads

upon a dry skin.

We cannot produce at pleasure, by means of electro-puncture,

the contraction of a muscle or of a single fasciculus, or of a few

fibres only. Indeed, although I have been careful to place the

needles at a distance from nerve-trunks, the muscular con-

tractions observed in my experiments have nearly always been

irregular and unforeseen ; sometimes merely fibrillar, and limited

to a certain radius from the needle, at other times involving an

entire muscle, or even several muscles at once. It is evident that,

in these cases, the effects have varied accordingly as the needle

has come into contact with nervous filaments proceeding to one or

to many muscles, or with muscular fibres alone. It follows that,

in muscular electrization by acupuncture, chance alone will preside

over the phenomena of contraction, and will dominate over the will

of the operator.

Sarlandiere recommended that the needles should be placed at

a distance from nerve-trunks; and believed that the therapeutic

influence of electro-puncture was greatest when exerted upon the

nervous terminations. Magendie had the hardihood to practise

electro-puncture with needles that traversed the nerve-trunks

themselves. The latter proceeding may appear easy to those who
possess some anatomical knowledge; but it is by no means so

simple as may be imagined by those who have not tried. If it be

true, for instance, that we may sometimes succeed in piercing the

median, ulnar, and crural nerves, we cannot in like manner succeed

with the radial, the sciatic, or the popliteal. In the face, we may
place needles in the sub-orbital and mental nerves. But who could

pretend to hit with any certainty either the trunk or the branches

of the portio dura ? The method appears to me to be nearly

always impracticable. Moreover, it does not help us to confine

the electric action to the nerve. We cannot reach the latter

without piercing the skin, which is then inevitably excited.

2. Electro-Juncture is insufficient or inapj)licahle in anaesthesia or

lesions of tactile sensibility.

I shall hereafter show that, as a rule, in anaesthesia, cutaneous
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faradization will recall sensibility only in the points which are

brought into contact with the rheophores. It thence follows that,

in order to obtain a cure by electro-puncture, it would be necessary

to cover, with a great number of needles, the whole of the portion

of surface that had lost its sensibility. It is manifest that such

an operation woukl be impracticable, especially if it were to be

frequently repeated. In certain slight cases the excitation pro-

duced by a very small number of needles may be sufficient to

restore the sensibility ; but such cases are only exceptional.

Electro-puncture is not available for the restoration of tactile

sensibility to the hand or to the sole of the foot; because we
cannot insert needles into either the fingers or the plantar integu-

ment without danger of producing inflammation or whitlow.

3. Electro-puncture, applied to the treat)iient of paralysis of move-

ment, does not appear to produce the results that are obtained

hy localized electrization.

Numerous and incontestable instances of success bear witness to

the therapeutic power of electro-puncture in the treatment of

muscular paralysis ; and it has done much more than the methods

which preceded it. It must, however, yield the palm to localized

faradization, by the aid of moist rheophores placed upon the sound

skin; a method the importance of which I shall shortly have to

establish.

There are no rules with regard to the manner of applying

electro-pimcture in paralysis. In what points of the paralysed

limbs should the needles be inserted ? In what number should

they be employed ? What degree of power should be employed ?

All this is left to the determination of each operator.

Some practitioners, after the example of Magendie, have en-

deavoured to pass the needles into the nerve-trunks which supply

the paralysed muscles. But it follows, from my investigations,

that the electric excitation of nerve-trunks, in the treatment of

paralysis, produces results that are but unsatisfactory. Moreover,

if the mode of excitation were excellent, the electrization of

nerve-trunks by puncture would almost always be impracticable,

for the reasons already stated.

The method generally adopted is to place, at the superior and

inferior parts of the limb, needles that are connected with the

poles of a galvanic or faradic instrument. By this method
the excitation is produced in a most unequal manner, and affects

only a small number of muscles. Those muscles that do not

receive the stimulus directly, commonly remain paralysed ; some
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of them are excited by reflex action. The method borders upon

that of electrization by reflex action, which forms the subject of

the second part of this chapter.

In order that excitation should be complete, in the treatment of

paralysis by electro-puncture, it would be necessary that needles

should be inserted into each of the paralysed muscles. Moreover,

as it seems to me to be demonstrated, by numerous facts, that the

therapeutical action is limited, in general, to the points that are in

contact with the rheophores, or at least that it extends over but a

small radius, it would be necessary that the number of needles

used to excite each muscle should be proportionate to its bulk and

length. The operation would become a torture to which patients

would never submit, especially in paralysis of some extent, by

reason of the time that would be required and of the inevitable

suffering that would be produced.

On the other hand, how simple and rapid is the localized fara-

dization of each one of the paralysed muscles, by means of moist

rheophores moved over the unbroken skin. In electro-puncture,

the needle traverses the thickness of the muscles, whilst, in

localized faradization, the moist rheophores act only upon their

surface. We might, therefore, suppose that the electro-puncture

would possess more therapeutic power than localized faradization.

Such an opinion would be unfounded ; for I have already shown

that, on applying a moist rheophore to the surface of a muscle, the

electric excitation penetrates the tissues the more deeply, the more
intense the current. Faradization, therefore, by the aid of moist

rheophores, will penetrate a muscle in the direction of its thick-

ness as readily as by the aid of needles. Moreover, by moving the

rheophores over the whole surface of the muscle, the electricity is

distributed to every part of it, which can never be done by electro-

puncture.

I have seen many cases of paralysis undergo improvement under

the influence of localized faradization by moist rheophores, in which

electro-puncture had previously completely failed.

If electro-puncture were as eflScacious and as practicable as

muscular faradization, the pain inseparable from the former method
should lead us always to prefer the latter. I shall, moreover, show

hereafter that painful electrization is dangerous in some forms of

paralysis, in those of cerebral origin for example. Electro-puncture

is therefore contra-indicated in such cases, and also in all those

that require numerous applications. (We shall see that the cure

of some forms of paralysis requires from sixty to eighty appli-

cations.)

It is especially in children that it is desirable to practise
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electrization without pain. How many parents, and even how
many practitioners, would shrink from inflicting upon young

paralytics the torture of electro-puncture, which is always painful,

however feeble may be the current.

There are yet other inconveniences which attach themselves to

electro-puncture, but which are not to be feared in connection

with the method of localized electrization that I advise. I refer

to the disorganization of the tissues through which the needles

pass, and of the inflammations and abscesses excited by them. I

need not dwell upon these accidents, Avliich have been recorded by

all the observers who have practised electro-puncture.

Lastly, electro-puncture frequently occasions severe and obstinate

neuralgia. The following is an example. One of the pupils of

Magendie, A. Berard, consented to undergo an electro-physio-

.

logical experiment, and allowed the professor to perform electro-

puncture upon his face. His complaisance, or rather his curiosity,

cost him dear ; for the operation was followed by a facial neuralgia,

from which he suffered cruelly for five or six months. He became
one of the most brilliant professors of the Eeole de Paris, but,

unfortunately, he was too soon lost to science. My information

was derived from his brother, the professor of phys-iology.

The foregoing considerations, however, must not lead us to

conclude that electro-puncture should be altogether abandoned.

I believe, on the contrary, that in certain cases it may be a potent

auxiliary to localized faradization.^

Paet the Second.

ON THE VALUE OF ELECTRIZATION BY REFLEX ACTION, AS
APPLIED TO THE TREATMENT OF PARALYSIS.

§ I. Passage of induced currents from the nerve-extremities to

the centres.

Before commencing the study of the therapeutic influence of

this method of electrization it is important thoroughly to under-

stand its physiological action.

1 . Physiological action.

A.—Following the known laws of the propagation of the nervous

fluid in the motor nerves, the motor action is exerted only in the

* Electro-puncture has been called upon I by destroying certain hepatic and ovarian
to render great services in sm-gery in the | cysts, and by coagulating the blood in

treatment of hydrocele, by promoting the I aneurisms,
resolution of certain ganglionic tumours,

|
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direction of the nerve-branclies whicli proceed to muscles, and

never in tlie contrary direction. It follows that electrization of

the nerve-terminations of limbs will never call into contraction

muscles which receive their nerve-filaments from branches given

off above the point excited.

This is, in fact, what occurs when we localize electric excitation

in the terminations of nerves, by holding both the rheophores of

a galvanic battery, or an induction apparatus, in one hand (with

the well understood precaution that the circuit shall not be com-

pleted by allowing them to come into contact). We then experience

some contraction of the muscles of the thenar and hypothenar

eminences, produced by direct excitation of the muscles, with

pricking and tingling in the fingers, under the influence of the

equally direct excitation of the collateral nerves, or of the digital

tissues ; the muscles of the forearm do not enter into contraction.

But if, in place of holding both rheophores at the same level in

a single hand, one is separated from the other, either by placing

one in the hand and the other higher up on the limb, or by holding

one in each hand, we then see contraction of the muscles of the

fore-arm or arm, according to the degree of intensity of the

current. The. muscular contractions produced by this method of

electrization are irregular, and do not correspond with the degree

of pain that accompanies them. The pain, indeed, is not confined

to the muscles in contraction, but extends to the wrists or the

elbows, or even to the shoulders when the current is intense. The
sensation in that case is very painful, and leaves behind it an

aching of the joints.

In these various experiments the excitation is always greatest

in the arm the hand of which grasps the positive pole, so that it

receives an ascending current. From these two experiments I

draw the following conclusions :—1. Electrization localized in the

nerve-terminations of a limb produces only local phenomena in

accordance with the functions of the organs excited ; that is,

sensations limited to the part. 2. In order to produce con-

tractions of muscles situated above the nerve-terminations, it

is necessary to separate the rheophores in such a manner that

the currents may traverse the limbs, or rather their nerves, in

a longitudinal direction ; this is electrization hi/ reflex action.

3. Lastly, the electrization by reflex action operates specially

upon the sensibility, ascends to the posterior roots of the nerves,

affects the anterior roots, and thus produces, in the muscles

dependent uj)on the nerves the terminations of which have been

excited, irregular contractions that are but little in harmony with

the intensity of the sensations.
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Whenever the moist rheophores of an induction apparatus,

applied to the skin, are a little apart from one another, in such

positions that the current traverses the limb longitudinally, then

the extremities of the limb, although they are not in communi-

cation with the rheophores, will exhibit muscular contractions

from reflex action. If, for instance, we place one rheophore upon

the anterior surface of the fore-arm, and the other near the spine

in the cervical region, we shall not only see contraction of the

muscle situated in the plane of the rheophore, but also of other

muscles of the arm and fore-arm.

B.—Electrization of the nerve-extremities by reflex action is

often practised by placing the extremities of the patient in two

basins of water, each of which is connected with one of the

rheophores of an induction instrument.

It is possible to apply faradization at once to the upper and

lower limbs, and in a more general manner, by placing both hands

in a basin of water communicating with one of the poles, and both

feet in another basin communicating with the other. This method

excites the nervous centres, and especially the spinal cord, in a

very general and energetic matter, even when the current is of

small intensity. If the intermissions are rapid, all the muscles

of the limbs are thrown into tetanic contraction, and the accom-

panying sensation, which is felt chiefly in the joints, is very

painful. At this degree of intensity this method of electrization

is followed by severe lumbago.

We may classify under this kind of electrization the electric

bath, which may be also called the electro-dynamic, in order to

distinguish it from the bath of static electricity given by the

friction electric machine. The former consists of a bath, the

water of which is in contact with one of the rheophores of an

induction instrument, or of a battery of intermittent current, while

the other moist rheophore is applied to some part of the body

that is not immersed ; commonly to the upper and back part

of the chest.

By this proceeding also, the spinal cord is excited in a general

manner, nearly as much as by reflex faradization of the peripheral

extremities of the nerves, and with the same energy.

C.— Electrization hy centripetal or centrifugal currents with

currents of induction.—In electrization by reflex action, physio-

logists have attached great importance to the direction of the

currents, resting upon experiments which show that in certain

animals the direct (centrifugal) currents act upon the motility,

and the inverse (centripetal) currents upon the sensibility.

Induced currents, under ordinary conditions, cannot be said to



ELECTEIZATION BY REFLEX ACTION. 123

be either direct or inverse. In fact, each intermission of the

induced current (of the second coil) is produced by two successive

currents travelling in contrary directions. The intermissions pro-

duced by all the ordinary rheotomes described in the sequel (the

toothed wheel and the tremblers) afibrd these alternations. But it

is sometimes desirable to avoid the alternations, especially in

certain physiological experiments, or in therapeutical applications,

where it is wished to pass only a direct or an inverse current. In

order to fulfil this indication, I had made, some twelve years ago.

an instrument which is a modification of the wheel of Abria,

joined to a commutator of the poles. This instrument is repre-

sented in fiff. 40.

Fig. 40.—Distributor of the entrance and issue of induction currents, and commutator of the poles.

Like the wheel of Abria, it is composed of two toothed wheels,

A, B, the teeth being alternately of wood and of brass. In the

figure the shaded teeth rejDresent those of wood, and the unshaded

those of metal, mounted upon the same axis, but insulated ; the

brass teeth of each wheel communicate with the brass mounts
8 and 16, in which turns the wooden axle common to both the

wheels, which move together (thus differing from the instrument

of Abria, in which the wheels turn independently). The two
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wheels are so arranged that their respective teeth only correspond

by half their surfaces, so that the two springs 9 and 15 only rest

at once upon the metallic parts of the teeth for one half of their

extent.

Things being thus arranged, let us first follow the course of a

battery current tlirough the commutator C (fig. 40) and to the

extremities of the wire of the primary coil of a double-induction

volta-electric apparatus, represented by the knobs 7 and 11. The

two poles, n, p, of the pile are brought to 1 and 2, knobs which

communicate with each of the isolated halves, 3 and 4, of the

commutator C, so that they can be made to change sides by
turning the button D of tlie commutator from left to right, or vice

versa. One of these poles—suppose the negative—passes from 3

and 5 to 6, a knob to which is attached a conductor in communi-

cation with 7, one of the extremities of the wire of the primary

coil ; the other, or positive pole, p, goes from 2 and 4 to 8, a

metallic support communicating with the metallic teeth of the

wheel A. At 9 is a spring in contact with these metallic teeth,

and connected with 10, a knob to which is attached a conductor

in communication with 11, the other extremity of the wire of

the primary coil.

In these conditions the wheel A is only an ordinary rheotome,

producing by each of its teeth, or at each intermission, while a

rotatory motion is communicated to it, two currents in opposite

directions, one at tlie completion and the other at the interruption

of the circuit, in the wire of the second coil, the extremities of

which, represented by 12 and 13, are connected by some metallic

or organic conductor.

But if one of the extremities of this wire—13, for example,

—

is conducted by a M'ire to 14, and so to 15, a spring resting on the

metallic teeth of tlie wheel B, which themselves communicate

with 16, the support of this wheel, and with the knob 17, it is

manifest that if the circuit of the second coil is completed by a

conductor placed in communication with the knob 17, and Avith

the knob 12, which represent the two extremities of the wire of

the second coil, the organ placed in the circuit will receive only

the current of interruption, when the wheel is turned from left to

right, and only the current of completion when the wheel is

turned from right to left. The connection between the metallic

teeth and the wood of the wheels A and B will explain how an

organ placed in the circuit will receive at pleasure only the one

current or the other.

In fact, the circuit of the second coil being completed, by the

contact of the spring 15 with the metal teeth of the wheel B, only
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at the moment when, during the revolution of the wheel from left

to right, it breaks the inducing circuit of the primary coil, it is

only the current of interruption that can be transmitted to tlie

induced circuit. It is unnecessary to say that the contrary occurs

when tlie wheels A and B are turned in the opposite direction.

In order to show the utility of tlie rheotome above described, it

is suiBcient to say that it has enabled me to investigate, physio-

logically and therapeutically

—

1. The influence of centrifugal or centripetal induced currents.

2. The comparative values and the comparative effects of the

induced currents of interruption and of completion.

3. The influence of centrifugal or centripetal induced currents,

with reversal of the poles at will.

2. Therajoeuiic action in the treatment ofparalysis.

It is sometimes desirable to stimulate the nervous centres. In

such cases we commonly have recourse to the various medicines

which possess a special property of producing muscular con-

tractions by their influence upon the nervous system. Electriza-

tion of the nerve-extremities by reflex action operates in an
analogous manner. I have therefore applied it to the treatment

of certain cases of paralysis in which I was able, without danger,

to extend the stimulation to the nervous centres.

I have not always been able to congratulate myself upon the

results obtained by this method. The paralytics that I have

faradized by its means have, it is true, in some cases received

benefit ; but, consecutively to the treatment, some of them have

experienced deep-seated pains in the course of the nerves the

extremities of which had been excited, pains that have frequently

been persistent, and have assumed the character of neuralgia.

The energetic excitation of numerous nerve-branches, specially

subservient to sensibility, explains the frequency of these accidents.

Under certain circumstances, faradization by reflex action has

exposed the patients to consequences of the most serious character.

The following case is an example :

—

Case IV.—A medical student, M. X., £et. 22, had been struck by apoplexy in
1851. The hemiplegia, which affected the left side, and which was due to

cerebral haemorrhage, had gradually disappeared in the course of a year.

But the voluntary movements were impeded by the continued contraction
of certain muscles, especially the flexors of the fore-arm and of the hand,
a contraction which extended to a greater number when he wished to per-
form certain movements, or when he experienced any impression whatever.
Such phenomena are not symptomatic only of a sclerosis of the spinal cord,

as seems to be established by modern research ; but they may indicate a
condition of hyperaemia which it is necessary not to over-excite, on pain of
producing the most serious accidents. Ignorant of this danger, the student,
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who had imperfectly understood one of my publications, thotight it possible

to apply without risk, in aU cases, faradization to the treatment of cere-

bral hemiplegia, in six months or a year after the absori^tion of the haemor-
rhage. The young man had not understood the difference between an electric

excitation Limited to the muscles, and a method that calls them into con-

traction by a powerful electrization by reflex action. We shall see the result

of his hope to hasten his recovery.

Having put in action an induction coil, with intermittences (by a trembler)

of great rapidity, he took one of the metallic cylinders in each hand, so

that the current passed through his brachial nerves from end to end. At
the moment when it began to pass, his hands closed with great force, and
he was unable to relinquish the cylinders. Feeling then that his paralysed

limb was contracting very painfully, he had presence of mind to overturn
the Bunsen's pile with his foot. The current was stopped instantly, but it

was too late. Its action, although continued only for a few seconds, had
already occasioned serious injury. The head was extremely painful, the

contraction extended to the whole side, and the poor fellow, who was alone

in his room, was found an hour later in convulsions ujion the floor. He
was removed to La Charite, inider M. Piorry ; and there I heard from
himself the history I have related. His life was for many days in danger

;

and, notwithstanding repeated depletion, purgatives, and a blister to the

nucha, painful and tetanoid contractions persisted for many weeks. At last,

after a long sojourn in the hospital, he was able to leave ; still suffering

from contractions of the right side, much more general and much more
severe than before he conceived the unfortunate notion of cu^ring himself

by reflex electrization.

If, in this case, the electric excitation had been limited to the

paralysed muscles, notwithstanding the peculiar cerebral condition,

and the hyperemia which may exist at the point where a

secondary sclerosis of the cord has been developed,—conditions

which, in my judgment, would contra-indicate even localized

faradization,—these grave accidents, evidently due to over-stimula-

tion of the centre, would not have taken place. I have learnt

thus much by long experience ; for I have many times faradized

locally the muscles of patients who were in the same state as this

young man, and without producing any inconvenience. I have

come to the conclusion that localized applications are in such

cases simply useless, but not dangerous when made with circum-

spection. At the commencement of my researches I often

faradized by reflex action the antagonists to the contracted

muscles of liemijDlegic patients, and I sometimes had occasion

to repent doing it, so that it is necessary to be cautious in the

employment of a method that has proved to be so dangerous.

Electro-dynamic baths, given in a dose so feeble as not to

provoke muscular contraction, produce an excitation that increases

muscular force in certain forms of general paralysis. I have

often employed such baths with success.

The mode of application already referred to I think preferable,

on account of its simplicity, to other and more complicated

methods.
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§ II.

—

Excitation by eeflex action in passing induced

CUREENTS FROM THE MOUTH TO THE ANUS.

I. Physiological action.

The already described methods of faradization by reflex action

do not strongly excite the spinal cord, excepting at the points of

origin of the brachial and lumbo-sacral plexuses. There is yet

another procedure which produces a more general reflex excita-

tion of the cord. I refer to the method by placing one rheophore

of an induction apparatus in the mouth, and the other in the

anus ; the already mentioned mode of application of Leroy

(d'EtioUes). The following is a brief account of the experiments

by which I have studied the physiological action that it thus

produces:—
Experiment 1.—I have already stated that in 1853, I repeated, upon a

horse, the experiment of Leroy "ndth an induced current. The ciirrent was
feeble ; but strong enough for its reflex action to produce general tetanoid

contractions in the limbs and trunk, dming which the respiratory move-
ments and the action of the heart were not siispended. 2. I repeated

analogous experiments upon rabbits ; and many w^ere made, in my presence,

in the laboratory of my friend M. Liegois. With an excessively feeble cur-

rent there was no appreciable result beyond a slight contraction of the

tongue and of the muscles of the face. The force of the extra current of

my instrument, which had been originally at its minimum, and not only

so, but had been passed through a stratum of water in the moderator to

be hereafter described, was then progressively increased until it produced
tetanoid contractions of the muscles of the trunk and limbs. Neither the

respiration nor the heart's pulsation were arrested, but they were suspended
diu'ing one or two seconds. The experiment, repeated twice ui^on the same
rabbit, and for from twenty to thirty seconds each time, gave always the
same results. But, when the strength of the current was so much increased

as to tetanize and render immovable the waUs of the thorax, a needle thrust

into the heart also ceased to oscillate.

We see, therefore, that when the rheophores are placed as

described, a feeble induced current of rapid intermission can

produce tetanic convulsions of the limbs and trunk, evidently by
reflex action of the whole cord, without arresting either the cir-

culation or the breathing.

Another fact not less important follows from these experiments,

namely, that this mode of faradization produces a comparatively

feeble reflex excitation of the medulla oblongata. Notwith-
standing the general tetanic convulsions that are produced, the

respiration and the heart's action, although suspended for one or

two seconds, have continued during the twenty or thirty seconds

during which the experiment lasted ; and it was only to be noticed

that these movements were increased in rapidity.

Every experimenter knows how feeble a current, applied to the

exposed pneumogastric, will arrest the heart and the respiration

;



128 LOCALIZED ELECTRIZATION.

and knows also that the most feeble f\iradization of the superior

laryngeal suspends respiration instantly. Should he, therefore,

doubt that the medulla has been really excited in the experiments

during which a current of the same degree of force has been

passed from the mouth to the anus, without producing great

disturbance of the respiration ?

It is necessary, as we have seen, that the current should attain

a yery high degree of tension, in order that the respiration should

be completely stopped, or that the heart should cease to beat.

It is not even shown that, under these circumstances, the

arrest of the respiration and of the heart is due to excitation of

the medulla oblongata. Indeed, the tetanic contraction was not

at its maximum, so that the inspiratory muscles, principally the

diaphragm and the intercostals, which were only in a certain degree

of rioidity, were able, under the influence of a great inspiratory

effort, to contract yet more, and to produce movement. In the

second experiment it is manifest that the maximum tetanic state

of the same inspiratory muscles would be necessarily opposed

to any respiratory movement of the thorax ; by Avhich may be

explained the rapid death which befel the animals thus treated.

The arrest, observed in the last experiments, of the oscillations of

a needle thrust into the heart, does not prove that that organ had

then ceased to beat ; because the oscillations may have been

stopped by the extreme rigidity of the intercostal muscles traversed

by the needle, while in the former experiments these muscles

were not sufficiently rigid to stop them. The correctness of this

explanation is shown by the fact that, when the muscles relaxed

on the suspension of the faradization, although the rabbit had

ceased to live, small oscillations of the needle again gave evidence

of contraction of the heart.

The facts and considerations that I have advanced show, there-

fore that the mode of general faradization under discussion does

not powerfully excite the medulla oblongata, and this is all that I

endeavour to establish.

I do not maintain that the procedure exerts no influence upon

the medulla oblongata. I do not think, indeed, that in these experi-

ments, when one of the rheophores is placed in a region (the

mouth) deriving its nerves from the medulla oblongata, and from

a part of the pons Varolii, that these points of the nervous cen-

tres can possibly altogether escape excitation. Certain facts

show, indeed, that there is a real reflex action of the medulla.

Thus, when the faradization has been moderate, we have seen

that the cardiac and respiratory movements have been increased

in frequency. Lastly, we may see that, in asphyxia, this mode of
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faradization of the cord by reflex action has power to re-excite

respiration that has been suspended for some minutes ; and that

it will also re-establish and develop the contractions of the heart,

when they are only appreciable by the feeble and very slow.oscil-

lations of a long needle thrust into the organ, although the

current employed has been very feeble, and insufficient to produce

reflex contractions in the limbs.

II. Therapeutic action.

Faradization by reflex action of the spinal cord, and of the

medulla oblongata is indicated in asphyxia ; and experimentalists

have thought that the best method of using it for this condition

is by placing one of the rheophores in the mouth, and the other in

the anus.

A.

—

History. This method of general electrization by reflex

action was, as I have already stated, advised in 1825 by Leroy

(d'Etiolles), who used the galvanic current in cases of asphyxia.

It w^as again brought into notice, for the same purpose, by
MM. Legros and Onimus, with the difference that they employed

a battery of constant current, while Leroy had only the inconstant

battery of Wollaston.

B.

—

Mij own first experiments. In 1851, 1 made my first experi-

ments upon the horse, with regard to the therapeutic action of

Leroy's method, modified by the substitution of the induced for the

galvanic current.

An analysis of the physiological effects of this kind of faradiza-

tion soon assured me, that it was the most certain method to

excite the general reflex action of the cord ; that the reflex con-

tractions produced were very energetic; that with rapid inter-

missions they became -tetaniform ; and that with a very intense

current, they might rapidly produce asphyxia by contraction of

the muscles of the trunk, so that the method could not be used

in any strong dose without danger.

But, as I found that in weak doses it neither arrested the

respiration nor. the circulation, although it still produced reflex

contractions of the limbs, I did not hesitate to apply it imme-
diately to the human subject. It will be remembered that I

experimented upon the hysterical patient whose case has been
already mentioned. I repeated, under analogous circumstances,

the same experiment upon others ; and I proceed to describe what
were the principal phenomena that I observed.

Having commenced with a current of slight intensity, or too

weak to produce reflex contractions in the limbs, the patients

complained of no sensations, but such as were occasioned by a

K
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sliofht contraction of the tonoiie, of the sphincter and levator ani,

and by phosphenes ; while the pulse and the respiration were a

little inci'eased in frequency. The procedure was perfectly well

borne, as the current was not sufficiently intense to produce reflex

contractions in the limbs. But, having in this way obtained no

result, as against the maladies that were to be overcome, I gra-

dually increased the intensity until reflex contractions were

obtained; taking care, in order to avoid all danger, to diminish

the speed of the intermissions to one or two in the second. The
patients then exiDerienced painful shocks, chiefly in the legs,

—

pains which were followed, after the passage of the current, by

a feeling of general lameness. In one patient, who suffered from

complete anaesthesia and analgesia, I was able to produce, in con-

sequence, during fifteen or twenty seconds, and with a weak

current of very rapid intermission, general reflex tetanic contrac-

tions. The heart did not cease to beat, nor the respirations to be

made ; but the patient remained for some time dazzled by the

phosphenes that were produced during the passage of the current.

From these experiments I concluded—1, that the method of

faradization by reflex spinal action might be applied in practice

to the human subject without any danger, and that it is perfectly

borne so long as the current is not sufficiently intense to produce

contraction of the limbs ; 2, that it does not, indeed, produce

arrest of the respiration, even when it produces tetaniform reflex

contractions, unless these are too strong; but that it is difficult

to say at what point the limits of safety would be exceeded ; and

that, 3, in certain dynamic or morbid conditions, the slightest

tetaniform contractions might expose the patient to danger.

For such reasons, founded upon experiments dating from 1854, I

have been very circumspect in the use of general faradization,

and have discountenanced it when practised in a degree of in-

tensity to produce reflex contractions, or with very rapid inter-

missions.

C.

—

More recent experiments on the a])plicatio7i of this method to

the treatment of as-phyxia, as comjjared tuith induced, and with

constant continuous currents. General faradization by this method

may succeed in the cure of asphyxia, without there being occasion

to increase the intensity of the current so as to produce reflex

contraction.

This important fact was brought to ligh by M. Liegeois, in a

very able report read by him before the Imperial Surgical Society

on the 17th March, 1869, in the name of a commission composed

of M. Paul Broca and himself, upon a paper addressed to the

Society by MM. Legros and Onimus, on the 10th of December,
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1868, on the use of continuous electric currents in cases of

syncope, and in accidents caused by chloroform.

The authors (of the original paper) had said, " We will not pass

in review the other means (other than the continuous current),

that have been employed in the treatment of chloroform acci-

dents. All, perhaps, with the exception of artificial respiration,

have been useless ; and we assert that the interrupted or induction

currents, tvhich have heen extolled, cannot he condemned too strongly.

The hest means of completehj arresting the action of the heart, ivhen

iveahened hy an anaesthetic, is to i^ass over it an induced current.

We ought, therefore, to dread the use of an induction apparatus,

which will determine the very result that it is desired to avoid."

After having described the experiments conducted by MM.
Legros and Onimus in the presence of the commission, the

reporter (M. Liegeois) has arrived at the conclusion that, notwith-

standing the interest attaching to these experiments, the commis-

sion is bound to observe, that they do not exactly correspond to

the title of the paper ; and that they are only strictly applicable,

in man, to asphyxia from chloroform,—an accident which, in his

view, is less frequently fatal, and is more amenable to treatment,

than chloroform syncope. Limited in its application to chloro-

form asphyxia, galvanization, as practised by MM. Legros and

Onimus, is certainly of incontestable efficacy. But M. Liegeois

has also reported another experiment tried before the commission,

which demonstrates, that the induced current, applied in an

equivalent dose and by the same method, that of Leroy (d'Etiolles),

restores from chloroform asphyxia as certainly as the continuous

current. "Upon our request," he writes, "to MM. Legros and

Onimus, that they would test the influence of an induced current

in our presence, a rat was chloroformed under the same bell-glass

and in the same manner as the former ones. It was witlidrawn

^^hen the respiration, the sensibility, and the general movements

had completely ceased, although the action of the heart still

continued. They then passed the current of a Dubois-Kaymond
apparatus from the mouth to the anus ; but in order to approach

as nearly as possible, with our apparatus, to the slight intensity of

the continuous current, we requested the operator to employ the

most feeble that the instrument would yield. The current was

allowed to pass for a few seconds only, and, almost immediately

on its interruption, the respiratory movements returned, the

beats of the heart increased, then the sensibility and the voluntary

movements were gradually restored : the animal was saved."

M. Liegeois has repeated this experiment upon a large number
of rabbits. M. Duchenne, jun., and myself have repeated it both

K 2
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in the laboratory of M. Liegeois and in my own, with somewhat

more precision, by making the induced current pass through the

water moderator, to be described hereafter. We have also experi-

mented comparatively, with the ascending and descending con-

tinuous current, in asphyxia by strangulation and in asphyxia

from chloroform.

The therapeutical results, in all these experiments, have been

precisely the same ; and they fully justify the following conclu-

sions in the report of M. Liegeois :

—

" After the experiments that have been related," he says, " it

will be understood that it is impossible for us to assign to con-

tinuous currents, for asphyxia produced either by chloroform or by

strangulation, a superiority of action over intermittent currents.

In placing them on the same level, we believe that we shall state

the truth."

In their practical aspect, the conclusions of IM. Liegeois are not

less important. " If," he says, " we leave the laboratory for the

region of practice, we cannot refrain from assigning to induced

currents the pre-eminence. In fact, in the first place, it is diffi-

cult to have the command of an apparatus like that of Kemak
(specially recommended by IMM. Legros and Onimus for the

application of continuous currents in asphyxia), composed of

twenty, thirty, or forty of Daniell's elements, while it is very easy

to obtain an induction instrument that is simple of management,

of small bulk, and that may be carried by the surgeon wherever

he goes."

" Moreover," continues M. Liegeois, " by the confession even of

MM. Legros and Onimus, the continuous currents only restore the

heart's action when applied to the cerebro-spinal axis. It is in

vain, they said at our meeting, to apply them to the heart

directly, to the diaphragm, or to the phrenic nerves; when thus

employed, they never restore animals to life. But, in man, the

efficacy of induced currents applied to these various organs has

already received confirmation from experience."

Upon the last point again, I jtm entirely in accord with M.
Liegeois ; and, whenever I have been called to the aid of a j^erson

asphyxiated, or menaced by arrest of the heart's action or of the

respiration by some grave disorder of innervation, I have always

chosen to arm myself with an induction apparatus, not only

because it is more portable, but also because, under such circum-

stances, it is capable of fulfilling many important indications

which cannot be fulfilled by galvanization with continuous

currents
;
principally in the maintenance of artificial respiration

by faradization of the phrenic nerve (very preferable, in certain
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cases, as I shall shew hereafter, to either faradization, or galvani-

zation by the method of Leroy (d'Etiolles) ; and in the applica-

tion of cutaneous faradization as a stimulant of the respiration

and of the cardiac functions by reflex action, in the treatment of

asphyxia or of syncope. I shall have to treat hereafter of this

last method of reflex stimulation of the cord.

It is not well, however, to be exclusive ; and in circumstances

where danger is urgent and has been unforeseen, the practitioner

who is hastily called to a case of asphyxia or of syncope should

know how to avail himself of any means that comes to his hand,

of any battery or induction apparatus whatever. Let us see, then,

how the surgeon should in such cases act ; and how I have many
times been called upon to act myself.

I. If we have command of an induction apparatus, whether

graduated or not, and of whatever power, its current may be

diminished and controlled in the following manner :—The water

moderator, which I habitually place in the circuit when I v.'sh to

reduce the tension to a degree infinitely small, may be replaced

by a wetted band of any kind of linen or cotton cloth, made from

pocket-handkerchiefs, sheets, &c., and from one to several yards

in length, according to the power of the apparatus. This band

should be laid out on a table, and one of its extremities should be

connected with one of the electrodes of the instrument, the other

with the conductor to the rbeophore that is put into the mouth of

the patient; the second rheophore, which is introduced into the

anus, communicating by its conductor with the other electrode.

Under such conditions, the tension of the current will be reduced

to extreme weakness. Then, in order to obtain the necessary

power, the length of the moist band must be gradually diminished

by placing the conductor of the rheophore nearer and nearer to

the electrode, until, using intermissions about one second apart,

the commencement of reflex muscular contraction of the limbs is

observed. It is necessary to operate with a degree of tension just

below this, too weak to produce muscular contraction, and by

passing from the anus to the mouth a current of rapid intermis-

sions, until the respiration and the heart's action are re-established.

In case the surgeon has at his disposal a constant battery,

combining all the desirable conditions (such, for example, as the

large battery of Siemens, or the new small portable battery of

Gaiffe, already described, but which are only to be found in the

hands of a limited number of persons), a continuous current

should be passed between the mouth and the rectum, without

heed to its direction, which, according to my own experiments,

has no influence upon the therapeutic result.
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If, in the place to which one may be called to an asphyxiated

person, the only battery to be fonnd is composed of too small a

number of elements for the nseful application of a constant

current, such as the battery of a telegraph station, or if there

should be only a battery of inconstant current, such as that of

Wollaston, recommended by Leroy (d'Etiolles), it is necessary to

pass a current of rapid intermissions between the mouth and the

anus, without going so far as to produce reflex contraction. This

may be done with as much prospect of success as will attend the

use of the continuous current of a constant battery, composed of a

large number of elements.*

§ III.

—

Excitation of the innervation of the heart and
RESPIRATORY ORGANS BY MEANS OF CUTANEOUS FARADIZATION

OF THE PRECORDIAL REGION.

A long clinical experience has taught me that excitation of the

sensibility of the skin of the thorax, and especially of the pre-

cordial region, is one of the best means of treating asphyxia, or

certain grave disorders of the innervation of the heart or respi-

ratory organs, by reflex action. The correctness of this assertion

will be shown by the relation of the most important clinical facts

that I have collected.

I.

—

Treatment of Asphyxia.

Artificial respiration by means of faradization of the phrenic

nerves is the mode of electric excitation that I generally prefer in

the treatment of asphyxia ; but in hands that are unskilful, or

little accustomed to the operation, it is not free from danger to

the patient. Under such circumstances I advise, as the more

sim[)le method, cutaneous farachzation of the precordial region,

•• I cannot leave this jaart of the snb-

ject without recalling another method of

galvanization suggested, in 1824:, by
Leroy (d'Etiolles), lauded by him in the

treatment of asphyxia, and long employed
in practice :

—

" When the battery," he says, " is

ready, the operator takes two fine pins

prepared for the piu-pose, only six or seven
millimetres in length, and terminated by
discs which are surmounted by hooks or

rings. These pins are intended to con-

vey the galvanic fluid beneath the skin,

across the fibres of the chief respii'atory

muscle. The pins are thrust into the

sides of the patient up to their discs,

between the seventh and eighth rib.

One of the conductors is then attached to

one of the pins ; and the operator, liold-

ing the other conductor, touches with it,

every two seconds, the head of the second
pin on the opi^osite side of the chest. If

no proper pins are at hand, a jjuucture

may be made, which shoidd not exceed
the thickness of the skin, with a lancet,

a penknife, or the points of scissors, and
through this puncture the galvanic fluid

will make its way. The punctures should
be made in the situation already men-
tioned, between the seventh and eighth

rib, on opposite sides of the chest, in the

course of a line proceeding from the pit of

the stomach to make the circuit of the

body. The ends of the conducting wires

should be made to touch the wounds, one
of them in an intermittent manner, as

described for the jiins."-

—

Instructions sur

I asphyxie (in Journal de la Socie'te cics

Nate/rages, t. iv. 1840).
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conducted according to tlie principles that I have laid down in

treating of this method of faradization.

There are also circumstances in which electro-cutaneous excita-

tion ought to be employed concurrently with faradization of the

diaphragm. The latter is especially indicated in cases where it

is urgent to compel the mechanical entrance of air into the lungs
;

the former is useful, or even necessary, when, after we have re-

established the respiration and the cardiac circulation, and have

dissipated the cyanosis, the patient threatens to fall into a state of

coma, symptomatic of cerebral ischaemia, due to the poisoning

of the blood either by carbonic oxide, or by the accumulated

carbonic acid if the state of partial asj)hyxia has been of long

duration. Then electro-cutaneous excitation, especially if applied

to a certain zone of the precordial region, reacts upon those points

of the nervous centres which govern the innervation of the breath-

ing and of the heart's action.

The therapeutic value of this method, in the treatment of

this kind of asphyxia, is placed beyond doubt by the following

history :

—

Case V.

—

Asphyxia hy carbonic oxide; absence of respiration ; Ju art's acti(,n

very feeble, and only discoverable by auscultation; cure by cutaneous faradization

of the p)recordial region.

A pastrycook's boy, fifteen years old, of eccentric character, bad endeavom-ed
to drowu some imaginary troubles in driuk ; and had the notion, in his intoxi-

cation, to try to asphyxiate himself by creeping, during the night, into a sort

of hole situated over his master's oven, where he remained to sleep himself
sober. The next morning, the men who went to light the fire saw one of his

feet, and drew him, seemingly lifeless, from the place where he had passed the
night. Living in the same house, I was able to try, a few minutes later, to

recall him to life by faradization. His face was blue, there was no resjiira-

tion, a mirror held before his lips remained untarnished, no pulse could be
felt, the action of the heart was not discoverable by the hand, but on ausculta-

tion, feeble valvular sounds were heard. While 1 made this examination my
induction apparatus had been got ready by my son, who assisted me. I was
about to excite artificial respii-ation through the phrenic nerves, when I saw
that the rheophores had been forgotten. The danger being very m-gent, I
instantly applied the metallic extremity of one of the conductors of the in-

duced current of my instrument (at its maximum, and with rapid intermis-

sions) over the left nipple, and moved the other conductor about over the
apex of the heart. After a few seconds, slow and weak respiratory move-
ments appeared, and increased progressively in frequency and depth ; and, at

the end of a minute, the pnlse could be felt. Soon afterwards, the face

assumed a slight expression of pain. In a few minutes the patient uttered a
faint groan, and moved first the arms and then the trunk, as if to remove the

conductors from his chest. Then he gave a loud cry, kicking with his feet at

the people surromiding him, and began to reply to the questions that were
asked. In five or six minutes the respiration and circulation were re-estab-

lished, the colour of the face was natural, and the intelligence had returned.

He appeared to be saved. However, I ordered sinapisms to be applied to

the limbs and the precordial region, and warned his master that lie might
fall back into a state of coma, from the toxic influence of the carbonic oxide.

In fact, a few minutes after the suspension of tlie cutaneous faradization, he
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no longer replied to questions ; his respiration slackened, at times he seemed
as if he forgot to breathe ; his face became discoloured and his lips blanched

;

then the breathing became stertorous ; he could not feel when pinched ; in a
word, he was asphyxiated afresh. He was quickly restored by cutaneous
faradization of the precordial region, applied this time less severely, as it was •

quickly and acutely felt. It was continued by my son for about twelve
minutes, until the respiration, circulation, and intellectual faculties, were all

completely restored, and he could stand erect and walk.

Believing this cmre to be only apparent, I ordered his removal to the Hotel
Dieu, to the wards of Professor Trousseau, where I shortly followed him.
Foreseeing that the carbonic oxide would continue its poisonous action, and
produce a return of coma, I had placed sinapisms upon his legs, and had
directed the person who conducted him not to let him sleep. An hour later

I found him in the hospital, in a state of coma, into which he had fallen on
the way, in spite of the efforts of his guide, who had in vain slapped him to

try to keep him awake. It was necessary to return to the electro-cutaneous

excitation of the precordial region, and to repeat it several times during the

day, as well as to apply sinapisms over the body, before we were entirely

freed, towards the evening, from the tendency to consecutive coma, due to

the poisonous influence of the carbonic oxide.

In this case we have seen a lad who was asphyxiated by carbonic

oxide, in whom the respiration had ceased (it was not known for

how long a time), and in whom the feeble action of the heart was

only discoverable by the ear. 1. He recovered entirely, in a few

minutes, under the influence of precordial electro-cutaneous excita-

tion, his respiratory and cardiac functions. 2. He fell back many
times into the same state of coma and asphyxia, shortly after

the suspension of faradization, whicli, perseveringly re-applied

on several occasions, during nearly a whole day, finally triumphed

over the asphyxia.

It was incontestably and solely to the faradization that the

rapid disappearance of the grave symptoms was iu this case to be

attributed. The proof of this assertion rests so plainly in the

relation of the facts, that it seems useless to dwell farther upon

the point.

I proceed to describe briefly another case of aspyhxia by car-

bonic oxide, which brings into prominence the therapeutic value

of reflex excitation of the nervous centres, by cutaneous faradiza-

tion; and at the same time shews the necessity of continuing

the application for a long time, until respiration is perfectly re-

established, under penalty of seeing the asphyxia return and lead

to a fatal issue.

Case VI.—I was called to a woman asphyxiated by carbonic oxide, in La
Charite under the care of M. Andral, where she had been conveyed on the

previous evening. In a short time I restored the resijiration and the heart's

action to their normal state, and had dispelled the coma. The patient had
so far recovered her intelligence that she was able to. give me information

aboiit what had happened to her, and about all the symptoms of her asphyxia.

I believed her to be safe. But some hours later she relapsed into somnolence,

and, although treated by sinapisms and even by blisters, she died dm'ing the

course of the night.
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If, in this case, the faradization had been continued, as in the

subject of Case V., the patient would probably have been saved.

From this example, confirmed by what I have seen in others, I

have come to the conclusion that patients asphyxiated by carbonic

oxide, and iu wbom electrization has removed all traces of asphyxia,

are still threatened, for a certain time, with a relapse into coma
and asphyxia ; and that it is consequently necessary to continue

the peripheral excitation for a considerable time after the patients

have been recalled to life, and to apply cutaneous faradization to

the precordial region, as soon as any tendency to sleep or to coma
becomes apparent. It was to the observation of these precepts

that the young subject of Case V. owed his life.

It is important to add that the danger which threatens these

patients is a result of the blood poisoning by carbonic acid pro-

duced by the asphyxia itself; and that it is greater in proportion

to the length of time that the asphyxia has continued. In support

of this proposition, I could cite many examples from my practice
;

but shall only relate one, and that concisely :

—

Case VII.—I was called, some years ago, by LOI. Trousseau and Chailly,

to a case of asphyxia in a new-born infont. At birth it gave no sign of life

(tlie labour had been long and difficult), and it had been restored imme-
diately by artificial respiration, made from mouth to month by Chailly ; but,
however prolonged and renewed this process, and in spite of stimulating
frictions, it remained in a state of semi-asphyxia from two o'clock till eight
in the morning. At the time of my arrival it had not lireathed for about a
minute. I moved the metallic rheophores of my induction apparatus over
the in'ecordial region, and in five or six seconds witnessed respiratory move-
ments, feeble at first, but becoming more and more developed, and leading,

for the first time, to the cry of the new-born, until, under the influence of

deep inspiration, the lividity of asjihyxia had disappeared. We thought all

was safe. Nothing could express the astonishment and delight of the family
at the result. The infant was the first grandson of one of the kings of
finance. But ten minutes later it relapsed into coma, the breathing became
more and more slow, the lips were once more Livid, and, in a word, the as-

phyxia re-appeared. I succeeded again by the former process of faradization,

to which I added artificial respiration by faradization of the i^hrenic nerves,
practised for five or six seconds. Ten minutes later there was another
relapse, followed by a renewed success from the cutaneous faradization, which
this time acted more slowly. In another quarter of an hour the asphyxia
gained the upper hand, and the infant died.

II.

—

Treatment of gave functional disorders of the cardiac circula-

tion and the respiration, symi^tomatic of a dynamic central nervous

lesion.

Excitation of the medulla by reflex action, by means of cutane-

ous faradization of certain zones of the thorax, will modify or

cure:—I. grave disorders of the cardiac circulation, symptomatic

of a paralytic condition of the vagus, producing syncope .that is

sometimes fatal, by stoppage of the heart ; 2. disorders of the
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respiration, such as paresis or paralysis of the expiratory or

bronchial muscles of Reissessen (paralysis of the lung) ; o. simple

or comatose apucea, producing consecutively an accumulation of

bronchial mucus and asphyxia.

A.—Tlie following clinical observation is the proof of the two
first assertions :

—

Case VIII.

—

Grave disorrJer of the cardiac innervation and of expiration,

in conserjui net' of dij'htheritic jjoisojriug.

Summary.—Membran,ons angina attaching a large surface, in a lady twenty-

one years old; dijyhtheritic poisoning producing, on the sixteenth day, paralysis

of the 2iha7'y7ix and the soft ]ialate, and towards the twenty-seventli day, after

a miscarriage at three months and a half, other j^ndytic phenomena symptomatic

of a lesion of the medidla; namely,—1. Grave disorder of the cardiac circidation

,

due to paralysis of the vagus, and removed hy slight cutaneous faradization of
the precordial region. 2. Two days later, temporary di/jlojna, lasting an hour,

and immediately followed by hemiplegia of the left side; ivhich ivas cured in
an hour hy cutaneous faradization of the paralysed parts. 3. Two or three

hours later, a return of gravefunctional disorder of the circulation ; cured again,

after two days of cutaneous faradization of the jirecordial region, practised

night and day at short intervals. 4. Grave functional disturbance of respira-

tion, symptomatic of paralysis of the intrinsic expiratory muscles (bronchial

muscles of lieissessen') or, in other icords, paralysis of the lung; removed imme-
diately {for the space of half an hour or an hour), and on different occasions,

by cutaneous faradization of the dorsal aspect of the chest. 5. Lastly, forma-
tion of bronchial mucus from rreakness or p)aralysis of expiration, and death on
the thirty-eighth day, at two o'clock in the morning.

Slaclame X., 21 years of age, and three months advanced in pregnancy, was
attacked, on the 22nd February, 1869, with a membranous angina, following

a cold. It seems superfluous to describe the symj^toms of the angina,

which, under the care of MM. Earth, Eicord, H. Eoger, and Descroizilles,

charged specially to remain day and night near the patient, followed a
regular course up to the time of convalescence ; when, on the 10th of March,
there appeared paralysis of the pharynx and of the soft palate. It followed

that deglutition was rendered difficult, and that the patient could take only

Liquids, soups, and slops. Nevertheless, Madame X. began to regain strength,

and it was hoped that her convalescence was established, when, in the

morning of tlie 21st of March, severe uterine pains announced the ai)i3roach

of a miscarriage. Although this took place regularly, and produced no
hfemorrhage, it was followed by derangements of the respiration and circu-

lation, of extreme severity. MM. Earth, Eicord, H. Eoger, Campbell, and
Descroizilles, who had i^assed the night in attendance, and who had suc-

cessfully encountered, by the aid of diffusible stimulants, a state of syncope
that had several times placed her life in danger, were still unable to over-

come very grave disorders of the circulation and the lireathiug.

On the following morning, the 22nd of March, my confreres wished to

call in the aid of electricity. They asked me— 1. Whether in such a

case an electrical treatment afforded any hope of success; 2. By what
mode of proceeding it would be possible to direct the therapeutic action

upon the functions or the parts of the nervous centres that were ^cted

upon by the diphtheritic jDoison ; and, 3. How, by faradization or galvani-

zation, we might resist the syncope or the asphyxia that was imminent.

Before replying to these questions, I examined the patient ; and the fol-

lowing were the chief conditions that I observed :—Face very pale ; lips

discoloured ; the nose and extremities cool
;
precordial weight and sense of

suffocation; respiration a little panting, although the rytlim of the move-
ments was normal, and there was no paralysis of the diaphragm, no emphy-
sema, and no rales; the pulse small and very frequent (lb6 to 140), irregular,
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and so intermittent that six or eight successive i^iilsations were often wanting

;

by ansciiltation of the heart it was impossible to recognize the rythm of

the movements, and I heard only some slight dull sounds, unequal and
much disordered. There was no elevation of temperature, but a paralysis

of the pharynx and the soft palate, dating from a time much anterior to

the appearance of the symptoms for which I had been sirmmoned.
I recognized, in the whole of these cardiac and respiratory disorders, the

characteristic phenomena of paralysis of the pneumogastric nerves ; and I

conceived that, in this patient, the diphtheritic poison exercised a morbid
influence over that part of the nervous centre—the fourth ventricle—that

governs the innervation of the heart.

According to this hyi^othesis, what should be the therapeutic action of

faradization ? Excitation of the phrenic nerve, in a case where the diaphragm
was not paralysed, and where there was no sign of asphyxia, did not seem
to me likely to exert a beneficial influence upon the disturliance of the

cardiac circulation, and iipon the feeling of suffocation. Faradization of

the pneumogastric and superior laryngeal, at the i^oint where these nerves
are in relation with the sides of the pharynx, might, indeed, modify favour-

ably the innervation of the heart and lungs ; but the proceeding, although
very easy of performance, is extremely dangerous ; and, even in small doses,

may arrest the heart's action and the breathing. It was not even to be
thought of.

As, however, it was needful to act, I determined to endeavour to modify
the morbid state of the centre, which gives origin to the nerves of the
heart and lungs, by the electro-cutaneous excitation of a region in relation

with it.

Was it not possible, however, that the diphtheritic poison, in modifying
the dynamic state of the patient, had rendered her unusually sensitive to

electric excitation ? Should I not expose myself, by acting a little too
powerfully, to a risk of stopping the heart ?

After having well weighed the value of these and other considerations, I

performed cutaneous faradization, by means of the electric hand (see page
90), over the i)recordial region, principally at the region of the apex of

the heart, being careful to commence with an extremely feeble dose. I
then gradually increased the intensity of the induced current, the inter-

missions of which were rapid, until it produced slight tingling of the skin.

We then had the satisfaction of seeing my anticipations realized ; for, after

a few minutes, and during the passage of the current, the jmlse diminished
in rapidity, and became more full and regular ; and after a while the pre-
cordial weight and sense of suffocation disappeared. It was necessary,
however, to return to the cutaneous faradization several times during the
day, in order to dispel definitively the diphtheritic perturbation of the in-

nervation of the heart, which had shown a tendency to recur.

In order to omit nothing, I should mention that, together with the precor-
dial faradization, we employed and continued, during the whole course of the
treatment, the diffusible stimulants internally, and the peripheral stimulants
externally, which alone, had failed to improve the innervation of the heart

;

that oxygen was frequently inspired ; and that tonics and such alimentation
were given as the paralysis of the soft palate and the dysphagia would allow.

On the following days, no disorder of the circulation or respiration re-

appeared; and our patient suffered only from the palatal and laryngeal
paralysis, against which I could do nothing under such serious conditions.

We thought life no longer in danger, when, on the 29th of March, about
foiir o'clock, the diphtheritic poisoning announced its return by a diplopia
that lasted an hour. Then, about five o'clock, Madame X. was suddenly
struck by complete hemiplegia of the left side, with loss both of sensation
and of motion, but with no impairment of the inteUigence, of the heart's

action, or of the respiration.

Considering this jjaralysis to be an evidence of a new invasion, by the
diphtheritic poison, of a portion of the right half of the medulla oblongata
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(probably of the anterior pyramids or their prolongations), I did not hesi-

tate to encounter it by the same means that had succeeded against the

l^aralysis of the nerves of the heart and lungs; by the electro-cutaneons

excitation practised by the hand over all the surface attacked by paralysis

of motion and of sensation. On this occasion, also, we were not deceived
in our hope ; for, after eight or ten minutes of this slight perijjheral exci-

tation, the sensibility had in great part returned, and voluntary movement
coon followed, although muscular faradization had not been practised. In
four hours the hemiplegia had completely disappeared.

The hemiplegia, alas ! was soon replaced by new indications of pneumo-
gastric paralysis, more serious than those which had preceded them ; for

susi:)ens;on of the heart's action returned more often and continued longer.

I soon succeeded once more in removing this symptom, by slight faradi-

zation of the cutaneous precordial zone which, according to the therapeu-
tical results previously obtained in the case, seemed to be in relation with
the origin of the pneumogastric. Unfortunately, this renewed success lasted

only for about a quarter of an hour From tliis time we were compelled
to maintain, day and night, an incessant strife against the tendency to

stoppage of the heart. Every hour, or half hour indeed, the poor lady was
attacked by the same cardiac troubles, which became more and more pain-

ful, and drew groans from her. On these occasions the pulse, which became
small and irregular, improved again and again under the iniiuence of electro-

cutaneous excitation of the precordial region ; and the patient was able to

compose herself to the sleep of which she had siich need.

After two days of this struggle against the diphtheritic poison, the electro-

cutaneous excitation seemed to have triimiphed anew. The symptoms of

pneumogastric paralysis had disappeared, and the rapid pulse had re-

turned to its normal state and so remained.
But, unfortunately, this improvement was but a brief respite ; for nervous

disorders of a new kind shortly appeared, and this time aifectcd only the

respiration, which became sighing and more rapid. Ten or twelve normal
resi^iratory acts were followed by about the same number of abnormal move-
ments, which were more rapid in their character, and were each composed
of a full and long insjiiration, followed by a short and feeble expiration.

Madame X. was soon awakened by a most painful orthopnoea; she was suf-

focated, she said to me, as if between two mattresses. There was no blue-

ness of the lips, because the air that freely entered the bronchi was sufficient

for hsematosis ; although the air that there was no power to remove from
the smaller ramifications, had become irresjurable, and this occasioned the

dyspnoea.

The electric hand moved over the precordial region afforded no relief. It

was only by exciting the skin of the posterior region of the chest, that I was
able, after the lapse of eight or ten minutes, to render the breathing regular.

The paralysis of cx]m'atory power returned after the lapse of an hour

;

and shewed itself, as on its first appearance, by sighing respiration, soon

followed by most painful orthopnoea, producing groans. The horizontal

position, which she had long maintained for fear of syncope, became insup-

portable. She found no comfort but by sitting up in her bed, with the body
bent forward; an attitude that she maintained until I had restored the

breathing to its natural state. This paralysis of the bronchial muscles of

Eeissessen (the intrinsic expiratory) filled me from the first with g^-eat dis-

quietude, although the hffimatosis had not appeared to suffer, judging from

the colour of the lips and the face. But I could not fail to see the presence

of a new danger, fully as great as those from which the patient had escaped.

Indeed, from the weakness of her inspiratory movements, she had great

difficulty in expelling the abundant mucosity that had already formed in the

larynx. She could accomplish the expulsion only by very violent efforts,

which left her completely exhausted. There was only too much reason to

fear that, if this condition should be prolonged, the accumulation of mucosity

in the bronchi would become a cause of asphyxia.
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Sucli unfortunately was the case, although I had succeeded for the

moment in relieving the orthopnoea by slight electro-cutaneous excitation

of the dorsal surface of the trunk, and had thus obtained some hours of

repose. In the struggle in which I had been engaged against this paralysis

of the lung, I had retained, up to the last hour, the hope that by prolonging

the life of the patient wo should at last exhaust the deadly influence of the

diphtheritic poison, which had already been driven from other points of the

spinal cord. But we were at last compelled to recognize the near approach
of death, when bronchial rales and a slight lividity indicated the commence-
ment of asphyxia. From this time we had only to watch the progress of a

long and painful struggle. Death took place on the 2nd of April, about two
o'clock in the morning.

BemarJcs.—The case is interesting from many points of view ;
^ but,

not to wander from my subject, it is necessary that I should bring

into relief the influence that was exerted by cutaneous faradization

over the grave disorders of the cardiac circulation, and over tlie

paralysis of the intrinsic expiratory muscles of Reissessen ;—in

other words, over the paralysis of the limg, which, at the last,

produced asphyxia and death.

The results obtained, under these circumstances, by cutaneous

precordial faradization, so far surpassed my anticipations that I

should doubt them even now, had they not been witnessed also by

the learned physicians who called me to the case,

a. Let us examine these results in their physiological aspect.

The grave functional disorders of the cardiac circulation which,

in the case of Madame X., I had at first to combat ; that is, the

extreme rapidity, smallness, and irregularity of the pulse, with

syncope or the danger of syncope from stoppage of the heart, the

* I have suppressed, in the above his- order. This was not mentioned in the
tory, many interesting details that were history of the case.

not necessary to the demonstration of the
j

False membranes having been found
electro-therapeutic questions that are

;

mingled in large quantity with the bloody
under discussion. There is. however, one stools, we all thought that the h?emor-
circumstitnce that deserves mention, on

j

rhage probably proceeded from those parts

account of its importance, and that is, the of the intestinal sm-face upon which the
absence of elevation of temperature dur- false membranes had been develojied.

ing the production of nervous disorders These false membranes having been ex-

of extreme malignity. I ascertained this
]

pelled two days after the abortion, we
by the thermometer, in conjunction witli

|

were for an instant led to suppose that

M. Deseroizilles, who, during all the they might be uterine debris, that had
weeks of the illness, was scarcely ever

;

passed from the vagina at the moment of

absent from the patient. If, then, the
j

the alvine evacuation ; but a microscopic
severity of the diphtheritic intoxication examination shewed them to jaossess all

could not be explained by excessive ele-
|
the anatomical characters of false mem-

vation of temperatm'e, it is jirobable that brane. Their development over so large

the poisonous action may be explained by a surface led us to fear that the degree of

some change in the blood, of the nature poisoning might be in proportion to the
of which we are ignorant. Such a hypo- extent of this surface, and made us better

thesis is supported by the chcumstance understand the full gravity of the case,

that there was an intestinal hfemorrhage Moreover, the presence of albumen, for

with severe colicky imius, and several some days, in the urine (another fact

successive evacuations, on the day follow- omitted from report), added still more to

ing the first appearance of nervous dis-
,

the peril in which IMadarae X. was placed.
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precordial weiglit, and the suffocation, were in my judgment symp-
tomatic of the paralysing influence of diphtheritic poisoning upon
the origin (ganglion) of the vagus nerve. Such, indeed, are the

symptoms which display themselves in an animal in which the

pneumogastrics are divided; excepting, of course, the sensations

of precordial weight and of suffocation, of which the animal could

give no account. I have also observed the same symptoms in the

last stage of disease (glosso-labio-laryngeal paralysis) ; that is, at

the period when tlie anatomical lesion, which appeared to be an

ascending sclerosis of the cord, with wasting of certain cells, had
reached the ganglion of the vagus.

I observed that, whenever these functional disorders of the

cardiac circulation appeared in Madame X., they were removed,

as if by enchantment, by cutaneous faradization of the precordial

region ; and if I departed from that region, moving my manual
rheophore to other parts of the chest, the patient experienced no

benefit, and quickly pointed with her own hand to the precordial

region, to indicate the point to which the electricity should be

applied.

Since, in this kind of therapeutic experimentation, the excitation

of the sensibility of the skin, practised in the precordial region,

was alone able to modify, and even to remove, by its reflex action,

grave disorders of the cardiac circulation produced by a morbid state

of the innervation of the pneumogastric, it is reasonable to con-

clude that there exists an intimate relation between the cutaneous

sensibility of the precordial zone and the origin of the pneumo-

gastric ; or, in other words, that the former is in reflex commu-

nication with the latter.

Another therapeutic result, observed during the progress of tlie

case, confirmed the belief that a special reflex action is exerted

upon the pneumogastric ganglia through the cutaneous nerves

of the precordial region; and this was the fact, that certain dis-

orders of the respiration could only be overcome by cutaneous

faradization of another thoracic region. It was found that fara-

dization of the precordial region was powerless against the

weakened expiration (paralysis of the lung, or of the bronchial

muscles) which followed the pneumogastric paralysis ; \^ hile fara-

dization of the back of the chest relieved this weakened expira-

tion on several occasions, so as to diminish or dispel, for a certain

time, the sufferings of the patient, to give her some repose, and to

delay, for several days, the asphyxia which at last terminated the

scene. We may therefore conclude also that the sensibility of

the cutaneous zone of that thoracic region which corresponds

to the posterior aspect of the lungs, is in special relation with the
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point of origin of the nervous fibres wliich supply the intrinsic

expiratory muscles, or bronchial muscles of Reisse>sen.

h. Every one must perceive the practical bearings of the fore-

going physiological considerations ; which lead directly to the

following conclusions. 1. Electro-cutaneous excitation of the pre-

cordial region around the apex of the heart is one of the best

means by which to encounter syncope from arrest of the heart's

action, or other functional disorder of the cardiac circulation^

symptomatic of a paralytic condition of the vagus, without organic

lesion. 2. Electro-cutaneons excitation of the posterior region of

the chest exerts a special therapeutic action, in the treatment

of paralysis of the intrinsic expiratory muscles.

The following, in a few words, is the physiological explanation

of the facts above stated. In the case of Madame X., the slight

electro-cutaneous excitation of the precordial region, acting in a

reflex manner upon the ganglion of the pneumogastric, restored to

the nerve the power, of which its paralytic state had deprived it,

to control the action of the heart. It had, in other phrase, put

the heart once more under a curb, and hence followed regulation

of the cardiac circulation, and disappearance of the grave nervous

disorders that were symptomatic of pneumogastric paralysis. A
similar theory is applicable to the therapeutic influence exerted

by electro-cutaneous excitation of the back of the chest over

paralysis of the power of expiration.

c. The case affords also valuable instruction, with regard to

the choice of a method of electrization, and with regard to the

manner of its application under similar circumstances.

When it was decided, in consultation with my colleagues, that

reflex faradization of the medulla oblongata was indicated in the

case of Madame X., I at first proposed to them to pass an induced

current from the mouth to the anus. (I shoAved them that with

my water moderator, or with a band of wetted linen in the circuit,

the current could be so reduced as to be scarcely appreciable

by the tongue, and could be gradually increased.) Notwithstand-

ing the assurance that I possessed (from experiments that I had

made upon animals, and even upon man), that I could regulate at

will the degree of this reflex excitation, I proposed to commence

by slight action upon the skin of the precordial region, in order to

discover what was the degree of excitability or of tolerance of the

patient. It will be remembered that, after having used at first in

this way a very feeble current, the intensity of which was pro-

gressively increased, the disorder of the cardiac circulation was

relieved in a short time.

This result so far exceeded my expectations that I was at first
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unwilling to attribute it to the slight electro-cutaneous excitation

that 1 had practised. In the cases of asphyxia already recorded,

in which precordial faradization had given me a result not less

important, I had found it necessary to increase the current to the

highest degree of intensity. But when I beheld cutaneous fara-

dization of the precordial region, although applied only of feeble

intensity, and with the electric hand, overcome such grave dis-

orders on successive occasions, I felt it necessary to place the fact

on record.

If, instead, of acting with this prudence, and feeling my way, so

to speak, to the degree of excitability of the patient, I had in the

first instance passed an intense current, the result would have

been wholly different. This, indeed, was shown in the case of

Madame X., by an accident, on one occasion of the recurrence

of the disorder of innervation of the heart. I had all in readiness

to relieve this disorder in the way that had always succeeded;

but, the apparatus having been moved, its graduating cylinder had

been entirely drawn out without my observing it. Tiie acute

excitation that the instrument then produced was followed by

slight syncope, and momentary stoppage of the heart. However,

the cutaneous faradization of the precordial region, that I practised

immediately afterwards, soon subdued this nervous disorder.

Physiological experiments perfectly explain such accidents.

They show that a powerful excitation of the pneumogastric pro-

duces stoppage of the heart's action, and of the respiration.

The general conclusion to be drawn from the foregoing is, that,

in certain morbid conditions, the general excitability is greatly

increased; a proposition that I have already laid down. Con-

sequently, if called upon to encounter, by the aid of cutaneous

faradization, grave nervous disorder, it is necessary to proceed

gradually, and to proportion the intensity of the current to the

degree of tolerance or of excitability of the patient, under penalty

of producing more -or less dangerous mischances.

Under the influence of ideas that are sufficiently old, and that

have been promulgated anew by physiologists whose only practical

experience upon the point is based upon their experiments on rats

and rabbits, and who on this basis have seized upon the Academy

of Sciences and the Surgical Society, I was disposed, as I have

said, to pass a current, in the case of Madame X., from the mouth

to the anus. But, when I observed her extreme excitability, I

accepted it as a warning not to expose her to such a method of

reflex excitation of the cord and the medulla oblongata,—a method

infinitely more powerful than the very feeble cutaneous electriza-

tion that I put in practice. Even supposing that the former
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method Lad been free from danger, it is manifest that a proceed-

ing in which one rheophore was placed in the mouth and the

other in the anus would become unbearable, Avhen it was necessary

to repeat faradization very frequently for several days. It would
then always be necessary to have recourse to cutaneous precordial

faradization.

d. The clinical history of the case of Madame X., and the con-

siderations which flow from it, show that it is important, in diph-

theritic poisoning, to diagnose exactly the kind of paralysis tliat is

symptomatic of a morbid condition of the medulla ; for upon this

diagnosis will depend special therapeutic indications. As we have
seen, the disorders of the cardiac circulation require to be en-

countered by faradization of the cutaneous precordial zone, which
is in reflex relation with the origin of the pneumogastrics ; and
paralysis of the intrinsic expiratory muscles, by ftiradization of a

cutaneous zone on the posterior surface of the chest, which is in

reflex relation with the nerves by which these muscles are con-

trolled.

In September, 1869, in conjunction with ]MM. Millard and A.
Ollivier, I saw another case of diphtheritic poisoning ; one which
both confirms the foregoing observation and displays its import-

tance.

Case IX.—Without entering fnlly into the history of this patient, I may
say that he appeared to liave contracted membranons angina by kissing
the mouth of one of his children who died from the disease. After having
passed through the period of the formation of false membranes, which put
his life in danger by obstructing the bronchi, and when making progress
towards convalescence, the patient was attacked, about the twenty-fifth day,
by paralytic symptoms which indicated the invasion of diphtheritic iDoisoning.

There was paralysis of the soft palate and jiharynx, diplopia, and slight

hemiplegia of the fifth, seventh, hypoglossal, and inferior laryngeal nerves.
Suddenly, on the twenty- eighth day, the intrinsic expiratory muscles were
struck with jiaralysis ; and, at the same time there was formed a considerable
quantity of mucus which, obstructing the bronchi and not being exi^elled,

threatened to prodtice asphyxia. The paralysis had appeared without fever

;

and we apprehended a speedy death. Ehctro-cutuneous excitation of the pos-
terior region of the thorax rapidly re-estahlished the expiratory power, and
procured the immediate expulsion of the bronchial mucus. It required to he con-
tinued for several days in order completely to overcome the jia^xdysis of the lung.
The patient is now in safety, although still under treatment for other con-
sequences of his illness (impairment of sensibility of the hands and feet, with
paresis of the limbs). The whole history of the case will probably be pub-
lished by M. Millard.

If, in the foregoing instances, I had had to deal with paralysis of

the diaphragm, I should have employed cutaneous faradization

of the base of the thorax ; although it does not seem to me to be

proved that this cutaneous region is in reflex relation with the

origin of the phrenic nerve. My doubt uj^on the question is
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due to the failure of excitation of this region, in a case of dia-

phragmatic paralysis from diphtheritic poisoning, which was only

cured by faradization of the phrenic nerve itself

Case X.—A little girl four months old, who had suffered from diarrhoea for

several days, became the subject of a rather large ulceration, covered with
false membrane, in the neighbourhood of the umbiUcus. Altliough the cliild

had had neither crou^i nor angiua, the diphtheritic nature of this false mem-
brane was not doubted by MM. Barthez and Trousseau. Some days later,

the cliild was attacked by general paralysis, which continued for forty-eight

hours, and was followed by complete aphonia, with extreme difficulty of re-

spiration and deglutition. Every attempt at sucking brought on cough and
choking; and under these jDcrilous conditions, I was called to the case. I

found, besides the conditions mentioned above, paralysis of the diaphragm,

the signs of which will be described hereafter. After having tised electro-

cutaneous excitation of the base of the thorax, without any appreciable result,

I applied faradization to the phrenic nerves, and the diaphragmatic respira-

tion soon became normal. The paralysis returned several times, but was
always overcome in the same manner. After faradization of the soft palate,

the pharynx, and the anterior surface of the neck at the larjmgeal level, the

infant sucked better and its voice improved. It was completely cui-ed by a
few applications.

Before leaving the subject, I should remark that, in the history

of diplitheria, the varieties of paralysis incidental to the period of

poisoning have not been analysed, or rather, have escaped observa-

tion, I hope it will suffice to have mentioned them, in order, for

the future, to call attention to their occurrence. I believe they

are not extremely rare; for, during the short time that my own
inquiries have been directed to the subject, I have met with

several examples.

B.—I come now to the therapeutic effect of excitation of the

medulla oblongata by reflex action, by the aid of cutaneous fara-

dization, in a kind of apnoea, a neurosis characterized by the

absence of the hesoin de respirer, and which, for a certain time,

renders the respiratory movements infrequent, or even suspends

them. I will cite, as an example, an instance in which I observed

this singular functional disoixler, and cured it by cutaneous pre-

cordial faradization, and by faradization of the diaphragm.

Case XI.

—

Neurosis characterized hy a kind of apnoea. Cure hy cutaneous

faradization of the precordial region, and hy faradization of the 2}hrenic nerve.

The patient was a young man of 17, of nervous temperament, in whom there

was developed, after a disorder of the chest (pneumonia ?) a singular derange-

ment of the respiratory fmictions. At intervals, he ceased to breathe for from
thirty to sixty seconds, without feeling the least inconvenience, although a

slight degTee of cyanosis became apparent in his lips and face. Then, after

this temporary arrest, came a deep, siispirious, noisy inspiration, such as it

would be difficult to imitate by intentionally making an exaggerated sigh

;

and this singular, and as if spasmodic inspiration, would then be repeated

many times in succession. At the commencement, tbis sequence of events

only took place five or six times a day ; but the recurrences become more and
more frequent until they were almost continual, and were most remarkable
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when the patient's mind was occupied about himself, and his attention was
directed to his breathing. The sighs then succeeded each other almost
without cessation.- This condition had continued for six weeks, without
affecting the general health, when the patient was sent to me by my friend,

M. Barthez. I considered that I had to deal with a neurosis that consisted of
a temporary aboUtion of the instinctive craving to breathe. According to

this hypothesis, the sighs that followed the period of apnoea would be only
the satisfying of that craving, which remained unfelt until the deficiency of
hsematosine amounted almost to cyanosis. Together with this, there was a
spasm of the diaphragm, produced by the sighs and by the elevation of the
epigastrium and hypochondria which followed them, or occurred when the
patient thought about them. It seemed that each of these singular attacks
presented two well-marked periods ; one characterized by apnoea and cyanosis,
the other by convulsive contraction of the insi^iratory muscles and dia-
phragm.

Excitation of the diaphragm by faradization, practised every day for five

or ten minutes, and with slow intermissions, had for its immediate effect to
increase the functional disorder ; but some time afterwards the sighs became
less frequent. The appUcation producing only a small degree of improve-
ment, I employed also cutaneous faradization of the precordial region. From
this time the disorder rapidly diminished ; and, at the end of a month, the
patient was comj^letely cured.

The kind of weakening of the inspiratory nervous excitability,

by which this case was characterised, alarmed M. Barthez and
myself. It seemed to us to be symptomatic of a morbid condition

of an important central point of the medulla. We felt that, if

this condition increased, asphyxia must be the result. Influenced

by this belief, and not thinking that the functional derangement

was produced by any organic lesion, I had recourse to faradization

of the precordial cutaneous zone that is in reflex relation \\'ith the

pneumogastric, and, as has been said, was rewarded by complete

success.

I have also employed the same mode of electro -cutaneous

excitation whenever I have been called to patients in whom the

respiratory nervous excitability had been weakened or paralysed,

by whatever influences, to the approach of apnoea; that is to

say, so as to slacken considerably, or temporarily to abolish, the

respiratory movements, and in this way to lead to asphyxia.

Part the Thikd.

ON THE THERAPEUTIC VALUE OF LOCALIZED FARADIZATION.

§ I. Brief exposition of clinical facts which establish that localized

faradization is of great value in the treatment of atrophic

paralysis.

Wishing to bring about the prevalence of tlie therapeutic

employment of continuous constant currents, Remak has charged

L 2
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tlie induced current with exerting a paralysing influence upon

nerves."

In presence of the knowledge of electro therapeutics gained by

long clinical experience, and tested by many observers in Europe

and even in America, to venture to say that induced currents

exert a paralysing influence upon the nerves seems to rae to be

so far to disregard the truth that I have not thought it necessary

to^ combat Remak's strange assertion. Clinical observation will

render it prompt justice.

But I am unable any longer to keep silence upon the point,

since recently some young philosophers, supported by experiments

upon rats and rabbits, have again maintained, like Remak, that

induced currents paralyse the nerves, and cause the disappearance,

at the end of a very short time, of all their vital endowments."

Clinical observation, I repeat, protests against such an assertion.

The following are the words in which I have briefly summarized

the facts which these observers fancy they can overturn:**

—

"In 1862 I reported^ some cases of atrophic paralysis, con-

secutive to traumatic lesions of mixed nerves, which were of many
years' standing, and in which the paralysed limbs were so wasted

that the muscles, Avhich no longer responded to electric excitation,

appeared to be entirely destroyed. The temperature of these

limbs was diminished, the cutaneous veins were very small, the

skin discoloured, earthy, and often of a violet hue. Well, under

the influence of direct muscular faradization, applied according to

certain rules which I have laid down elsewhere, I have seen, in all

these cases,—1. the temperature of the limbs quickly increase; 2.

the cutaneous veins enlarge, and the skin return to its normal

colour ; 3. the muscles gradually increase in size, and regain their

tonic force, their sensibility, their voluntary contractility, and,

much later, their electric contractility also."

Since 1852, a host of European observers have experimentally

tested and confirmed the reality of these electro-therapeutic results,

and have borne testimony to them in numerous publications. I

will select, as one of the most important among them, that of M.

R. Philippeaux, of Lyons. In America, direct muscular f\iradiza-

^ Kemak, Galvanotherapie, etc., trans- I

« Duclienne (de Boulogne), "De Za jjara-

lated from German into French by Dr. ' hjsie musculaire pseudo-Tiypertro'phique"

A. MoriDain, Paris, 1860, "Fafeitr anti- (Arch, fjene'r. de Mede'cine, Janvier, 1868).

paralytic dcs rouranfs induits,''" p. 447. {

^ Duchenne (de Boulogne) "Z^e Vappli-

' Onimus et Legros, " DeVinfluence des \ cation de la faradisation lo.alisee au dia-

couranfs e'lectriques sur la nutrition" (Gaz.
j

gnostic, au prognostic, et au traitement des

des Hop, 19 Janvier, 1860.) The same \
paralysiescomecutives auxUsionsdesnerfs

authors had previously addressed a note mixtes" (m^moire couronne' par la Socie't^

upon the question to the Acadt'mie des i de Me'de'cine de Gaud, au concours de

Sciences. [1852. AnnulesdelaSoc.de Med.de Gaud).
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tion has been applied very recently, in the hospitals of Philadelphia,

to the treatment of tranmatic paralysis, by surgeons specially

selected by Mr. Hammond, the chief surgeon of the army of the

North, and in the cases of men wounded in the civil war. The
following are the terms in which the therapeutic results of this

method of localized electrization have been described by these

distinguished men. 'The only important means,' they say, "in

the treatment of paralysis arising from default of innervation, is

faradization by the method of M. Duchenne. . . . Most
of our cases were from wounds that were of old standing when
they came under our care. We can assure you that localized

faradization has, in our hands, been of the utmost value. In some
cases it has, at a single apj)lication, restored the power of move-
ment to parts that had been long deprived of it ; in others, a few

applications have more or less completely restored the power of

movement to an entire limb ; and we have seen very few instances

in which there has not been improved nutrition, and greater sen-

sibility and strength, when we were able to continue the faradiza-

tion sufficiently long. In a word, we cannot too strongly repeat

that, until faradization has been used, no limb, however completely

paralysed, should be abandoned by the surgeon as incurable.'
"

'

I might also adduce other kinds of paralysis, in which the lesion

of nutrition is equally profound, and in which localized faradization

is often successful. Moreover, clinical facts will be hereafter

detailed, which ]3rove incontestably the favourable— I would almost

say the marvellous—influence of localized faradization upon the

nutrition and the motility of muscles. These facts will be found
in the chapters specially devoted to the application of this method
of electrization to traumatic paralysis of nerves, to paralysis con-

secutive to myelitis in adults and adolescents, to saturnine and
rheumatic paralysis. We shall even see that, when applied to the

fatty atrophic—spinal— paralysis of infancy, localized faradization

acts not only upon the nutrition of the muscles, but also upon that

of the entire limb, so that it prevents arrest of development of the

bone.

§ II. Critical examinaiion of the' electro-jyliysiologieal experiments

which have served as the foiindation of the attacks recently directed

against the therapeutic value of localized faradization. Their

inexactitude.

Although, during more than twenty years, I have obtained from
localized faradization such results as I have described, and after I

' S. Weir Mitchell, George E. More- I Wounds and other injuries of Nerves.'
house, and William W. Keen, ' fiuiishot

|
Philadelphia, 1868.
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have seen these results confirmed, both in Europe and in America,

by a host of the most competent observers, an endeavour is made

to persuade me, on my objecting to deductions drawn from a few

experiments upon rabbits, that I am myself under illusion

!

As much as any one, I admire experimental medicine ; and,

without believing that the whole future of therapeutics rests upon

it exclusively, I have always held that it will exert a guiding and

enlightening influence. But when, in defiance of all logic, it would

lead us to cast doubt upon facts perfectly established by clinical

observation, it is necessary that we should renounce it.

A.—Fortunately, in the case with which we are now concerned,

we have not to find fault with experimentation itself, but with

those who have experimented badly, or who have badly interpreted

the results of their experiments. I proceed to prove this, at least

for those which are now under discussion.

In the rabbits, the sympathetic nerve Avas laid bare in the neck,

slightly lifted by means of a thread placed tinder it, and then

electrified, for two or three minutes, hi/ 2^owerfid induced currents.

The artery of the corresponding ear became contracted until it was

no longer perceptible. On ceasing the electrization, the artery

regained its size little by little ; and finally hecame larger than it

was he/ore the operation. After an instant, the temperature of that

side was elevated above that of the other.^

There can be no question that, in these experiments, the dilata-

tion of the vessels of the ear, consecutively to faradization of the

cervical sympathetic of the same side, was produced by paralysis

of their vaso-motors. Is there not some cause for surprise that the

sympathetic, already exposed to the air, and perhaps more or less

injured in the dissection, was not, so to speak, killed by the power-

ful induced current by which it was directly traversed for several

minutes ; and that the vessels had still power slowly to regain

their normal calibre ?

To proceed thus with experiments the object of which is to study

the action of induced currents upon the nervous system, is but to

contribute to toxicology. We know that there are certain poisons

which, in small doses, increase the action of the heart, but which

would arrest that action if given in large doses. To expect a

therapeutic action from such a manner of applying induced cur-

rents is like maintaining that paralysis might be as readily cured

by a thunderbolt as by electricity wisely and methodically applied.

There is certainly no need of experimental medicine to inform

\is that, in its therapeutic aspect, localized faradization is a two-

- Oniraus et Leofi'os, loc. cif.
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edged weapon. Empirical clinical observations very soon convinced

me, at the beginning of my electro-therapentical researches, that

localized faradization, if applied to a mnscle or nerve in too full a

dose or for too long a time, may increase or even produce paralysis

or atrophy, instead of curing either. It was such clinical observa-

tion that led me to lay down the precept that muscular fara-

dization sliould be moderate in degree, and that neither tlie whole
apj)lication, nor the application to any single muscle, sliould be
unduly prolonged.

With a powerful induced current, contracting the vessels during

its passage through the sympathetic, and producing, after its

cessation, a temporary diminution of their contractility (and hence
their dilatation), the same authors have compared the relatively

infinitely feeble action of continuous currents ujjou the same
sympathetic, "under the influence of which," tliey say, "the
activity of the circulation was promoted during their passage, and
for a long time after their cessation." ^

It appeared to follow, on the whole, from their experiments:—1.

that induced currents, during their passage through the sympathetic,

arrested or impeded the circulation by closing the vessels by a

powerful excitation of the vaso-motor nerves ; 2. that they pro-

duced, after their passage, a passive dilatation of these vessels,

a,nd a consequent blood stasis within them, by the paralysis or ex-

haustion of their vaso-motors ; and, 3. that continuous currents,

on the contrary, increased the activity of the local circulation,

both during and after their passage through the sympathetic.

Partisan and defender, as has been seen already, of the existence

of different physiological properties in the different kinds of elec-

tricity, although the reason of such difference has not at present

received complete explanation from actual physical data, I was

disposed to hail the discovery of a special difference of action

between the continuous and the induced currents as a triumph of

experimental medicine, applicable to therapeutics. But I must
add that there remained in my mind some doubt with regard to

the reality of the assigned difference ; because, in the comparative

experiments, the two forms of current had not been applied in

equivalent force.

It was, therefore, important to verify the results said to have
been obtained, and the following is a summary of experiments

made upon rabbits by myself, in conjunction with my learned

friend M. Liegeois, Professor of Physiology to the Paris Faculty of

Medicine. Our results are far from agreeing with those of MM.

Onimus et Legros, loc. cit.
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Oiiimus and Legros ; and show that, in equivalent doses and under

similar conditions, the continuous constant and the induced cur-

rents, when passed through the great sympathetic, exert an iden-

tical action upon the vaso-motors.

Experiments.—A'continuoiTS constaut current (from a pile of from fifteen

to tliirty sulphate of lead elements) passing through the sympathetic in a
portion three or four millimetres below the superior cervical ganglion, pro-

duced a slight but manifest contraction of the vessels, and a decoloration of

the ear on the same side, during the whole time of the experiment.

When the sympathetic nerve had previously been strongly excited, or, in

other words, when its excitability had already been more or less exhausted,

as by the passage of a powerful induced current, or by section, the same
continuous current of thirty elements, or even of fifteen, produced, instead

of contraction of the vessels, their dilatation during the whole time of the

experiment.
An extremely weak induced current (the minimum of the extra current

of my volta electric apparatus, jiassed through a column of distilled water
twenty-two centimetres in height), and localized in the sympathetic in the

same manner for three minutes, produced a. slight contraction of the vessels

of the ear during the first half minute, followed by dilatation during the

rest of the experiment.

The same proceeding, repeated upon the sympathetic of a rabbit that had
been subjected to a strong induced current for three minutes, an hour pre-

viously, but in which the ear had regained its normal vascularity, immediately

produced dilatation of the vessels which rendered their finest ramifications

visible for three minutes.

A strong induced current passing in the same manner through the sym-
pathetic of a rabbit, whether it had been the subject of previous experiment

or not, produced, during the whole time of its passage (three minutes), a

considerable shrinking of the vessels ; followed, when the current was with-

drawn, by an enormous and long persistent dilatation.

Interrupted galvanic currents passed through the great sympathetic acted

upon the ganglionic vaso-motors in the same manner as induced currents.

It follows from these experiments :

—

That a continuous constant current, directed upon the exposed

great cervical sympathetic of a rabbit, the excitability of which

has not been exhausted (neither by electrization in prior experi-

ments, nor by manipulations, nor by long exposure to the air),

produces, like an induced current of equivalent {i.e. very feeble)

strength, a slight contraction of the vessels that are controlled by

the nerve.

That the same current, acting with equivalent force upon a

nerve already exhausted, can no longer produce contraction of

vessels, but only moderate dilatation.

That a powerful induced current, localized in the sympathetic,

produces a considerable contraction of the vessels, followed, after

the experiment, by enormous and protracted dilation ; and that a

poweriul intermittent galvanic current acts in the same manner.

Finally, as a corollary to the foregoing, that, contrary to certain

statements, the continuous constant currents and the induced
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currents, in equivalent doses, exert an identical action upon the

sympathetic and the vaso-motor nerves.

§ III. Upon ivliat class of nerves does localized faradization exert

its injiuence in order to increase the activity of the local circu-

lation ?

I. Upon the Vascular Constrictor Nerves?

A.

—

Ramifications of the sympathetic nerve accomiMnying the

arterioles, excited hy localized faradization.—Localized electrization

(either faradization or galvanism, localized by interrupted currents,)

is the only means by which we can directly excite the ramifications

of the great sympathetic, that are distributed to the muscles of

the limbs and of the surface of the trunk.

It has now been sliown, by microscopic anatomy, that the rami-

fications of this nerve accompany the arterioles almost to their

ultimate divisions, and that they are found embracing capillaries

of the second order. This anatomical fact was discovered, in

1856, by M. Ordoiiez,^ and confirmed, in 1865, by my friend M.

Gimbert (of Cannes),^ one of the most distinguished pupils of

Professor Ch. Eobin, in an excellent memoir, from Avhich I have

taken fig. 41.

In this figure it will be seen that, on a level of the anastomoses

of the arterial capillaries, the nerves present ganglia, G, from which

proceed new filaments which spread over the capillaries, and

terminate in pointed extremities. These are like the isolated

fibres of Remak, R.

We can conceive, then, that in localized muscular electrization

(which consists in moving moist rheophores, as nearly as possible

approximated to each other, over all points of the surface covering

a muscle, so as to produce electric recomposition in the thickness

of the muscle, at varying deptlis according to the intensity of the

current), we may carry the excitation directly to the vaso-motor

nerves which accompany the arteries to their divisions into capil-

laries of the second kind.

* M. Ordonez has mouL.ted beautiful

microscopic preparations, shewing the

vaso-motor nerves accompanying the

arterial vessels to their final ramification.

He has nearly followed them to their ter-

minations on the capillaries of the second

variety. In man, he has established this

important anatomical relation in the small

arteries of the retina and of the brain;

and he informs me that he should have
found this same arrangement of other

organs, if it had been possible to isolate

them with the same facility. The dis-

covery of M. Ordonez was announced in

1865, by M. G. Pouchet {Rapports du
grand sympatMque avec le systeme capil-

laire: le(;on faite au Muse'um d'histoire

uatm'elle

—

Revue des cours scientifiques,

etc., p. 709). To be just, I should add
that M. Schweigger, of Berlin, had dis-

covered the same anatomical fact at the

same time, in the arterioles of the choroid

and of the retina in man.
^ Gimbert, Structure et texture des ur-

teres : These de Paris, 1865.



154 LOCALIZED ELECTRIZATION.

G

CH.NOBi D.

IBAI\A:VD

Fig. 41.—Vaso-motor nerves accompanying capillaries in the palatine iiiucous membrane of a frog
(alter (jlimbert).^

B.

—

Tonicity of the vascular constrictors augmented hy localized

electrization.—Experiments show that the great sympathetic is

highly excitable, at least in the cervical legion, and that its

excitability is quickly exhausted. Thus it has been mentioned

previously that, under the influence of even a feeble induced or

continuous current, a contraction of vessels is produced, presently

followed by a dilatation of some persistence. This dilatation of

vessels is with good reason held to depend upon a paralysed state

of the vaso-motor nerves, producing an afflux of blood to the

parts controlled by them, and an elevation of temperature, which

has hence been called neuro-paralytic hypenemia.

But the kind of weakening of vascular tonicity, which is the first

effect of localized faradization, is only momentary, and is soon

followed by a reaction. Indeed, both clinical observation, and the

therapeutical results that have been obtained, tend to prove that.

" C, C, Capillary vessels. N, vaso-motor

nerve. G, (r, G, ganglions forming ner-

vous branches at the level of the anasto-

moses of the arterial capillaries. E, Iso-

lated fibre of Reraak, terminating in a

point.
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as regards the ultimate result, the tonic force of the vessels is

increased.

Such, at least, is the object that I propose to myself, and that an

endeavour should be made to attain, when, in the treatment of

atrophic paralysis, electric excitation is directed upon the gang-

lionic vaso-motors. It is indeed shown, both by clinical observa-

tion and by experiment, that neuro-paralytic hypertemia is a

morbid state that is seen in atrophic paralysis, consecutive to

lesions of the cerebrospinal centres or of the nerve-trunks. It

is rational to conclude that any agency which increased the neuro-

paralytic hypersemia would aggravate the pathological state. But
this is precisely the opposite of what I have witnessed, when,

by the aid of faradization, I have cured the cases of atrophic

paralysis that have been brought to me in such a condition. Under
the influence of the treatment, I have seen the colour of the skin

and the nutrition of the paralysed limb return in a short time to

their normal state ; while, at the same time, the paralysis under-

went improvement : and I have considered, under these circum-

stances, that the vascular tonicity had been increased by the

localized faradization. On the whole, the clinical facts teach that,

as far as regards therapeutics, we should take into consideration

the secondary and ultimate, rather than the immediate effects of

electrization.

C.

—

Local circulation ^promoted hy localized faradization.—Such
has not been the reasoning of those who, on the contrary, attribute

the therapeutic action of electrization on the nutrition to the slight

degree of neuro-paralytic hyperaemia that is produced by the in-

fluence of a feeble current. To reduce their opinion into terms, we
must say that, neuro-paralytic hyperaemia being one of the morbid
phenomena of atrojjhic paralysis due to lesions of tlie nervous
centres or nerve-trunks, we should have to increase the neuro-

paralytic hyperaemia in order to cure the paralysis. To diminish
what wouLl otherwise appear paradoxical in their opinion, those who
advance it have altered, the physiological signification of the fact on
which it rests, by saying that the increased activity of the circulation

is produced by the influence of the current upon the sympathetic.

In order to accept this theory, it would be necessary to forget

the experiments which show that this kind of neuro-paralytic

hyperaemia is passive ; and that, in itself, it is powerless to affect

the nutrition. I would recall the experiment of Snellen,^ many
times since repeated, which proves this in an incontestable manner.
I have seen the fact confirmed by clinical observation ; and I shall

' Snellen, Arch, fur die hollandische Beitrage zur Natur und Heilkunde, 1857,
vol. i. p. 206.
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hereafter relate a case in which neuro-paralytic hypersemia of the

conjunctiva and vessels of one eye, consecutive to a lesion of the

cervical sympathetic, had continued, at a very high degree, for a

period of two years, without in any way modifying the anatomical

state of the hyperaemic parts ; and without producing the slightest

exudation ; while a conjunctivitis of the other eye, due to exposure

to a current of air, had rapidly displayed all the symptoms of acute

inflammation, with a slight formation of pus.

It is, however, impossible to overlook, in a case of the cure of

atrophic paralysis due to traumatic or spontaneous lesion of nerve

or cord, such as I have already related, the influence of the fara-

dization upon the activity of the local circulation, uj)on the nutri-

tion of the muscles, and upon the general nutrition of the limb to

which it is applied.

But how is this therapeutic action to be explained ? I am
unable to attribute it to a kind of gymnastic effect produced upon

the muscles by faradization, because the muscles had lost their

electric irritability. Neither do I believe that excitation only of

the nervous fibres, which govern motricity and sensibility, would

have power to produce tlie results. From all the evidence, I

think that the direct muscular faradization promotes the capillary

(local) circulation and the nutrition. I had not neglected to point

out the last electro-therapeutic fact, and to bring it into promin-

ence in the earlier editions of this treatise; but I was then

limited to setting forth the results of clinical observation in

empirical fashion, since science was not sufficiently advanced to

justify the framing of any theory whatever.

What has been the mechanism ? In other words, by what class

of nerves have the nutrition and the capillary circulation been

promoted ?

It is with fear that I approach this question. In all my earlier

researches into the physiology of movement, the problems to be

solved have always been in harmony with anatomy, with electro-

muscular experiments, and with clinical observation. On the

contrary, in tlie new path on which I am now to enter, I cannot

make a step without proceeding from hypothesis to hypothesis,

relying only upon the great discoveries of experiment.

II. On the Nerves which pkomote Local Circulation ?

A.

—

Historical retrospect.—The section of the great sympathetic,

made by Pourfour-du-Petit in 1727,^ is the fundamental fact

* Pom-four-du-Petit, " Memoire dans I tent des esprits dans Us yeux " (Mem. de

lequel il est demontre' que hs nerfs infer- VAcad. des Sciences, Paris, 1727).

costauz fournissent des rameaux qui por-
\
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which has served as a point of departure for numerous researches.

Besides contraction of the pupil, Pourfour-du-Petit had also

observed that the vessels of the conjunctiva lost their elasticity,

and became distended by blood consecutively to the section. In

1840, ]\I. Stilling,'' who had also recognised the action of the

ganglionic system upon the contractility of vessels, called the

special nerves conveying it the vaso-motors. M. CI. Bernard

announced in different publications, in 1851 and in 1855, the

great physiological fact that section of the great sympathetic is

constantly followed by a considerable afflux of blood to the parts of

the head to which the nerve is distributed.^ M. Brown-Seqnard

discovered, in 1852, that galvanization of the great sympathetic

produced contraction of the vessels and diminution of temperature

;

and, consequently, that the principal phenomenon described by M.

CI. Bernard, was due to paralysis of the blood-vessels.^ Three or

four months later, M. CI. Bernard, not knowing of M. Brown-

Sequard's publication, announced the same fact to the Biological

Society.^ M. Ludwig was the first to suggest the idea of irritating

the glandular nerves, and especially the sub-maxillary gland, the

principal vessels of which he laid bare, with their nerve-branches,

after having isolated Wharton's duct, in which a canula was in-

serted, so as to exhibit the flow of saliva. The excitation of the

nerve produced, in a short time, an extraordinary secretion of this

liquid. (M. Ludwig enabled me to witness this beautiful experi-

ment, when, in 1856, I attended the congress of naturalists at

Vienna.) M. Maurice Schiflf instituted, in 1851, a series of experi-

ments upon the chorda tympani, in order to show that all the

salivary nerves are not contained in the proper filaments of the

trifacial (lingual), but that they perhaps proceed from its anasto-

mosis with the facial (chorda tympani).^ These researches have

been repeated, with the same results, by many authors. But it is

to M. CI. Bernard that all the honour is due of having discovered

the actual mechanism of certain local circulations, by showing that

the vessels are placed under the control of constrictor and dilatator

nerves which act upon them reciprocally. In 1856, he showed

that by exciting the chorda tympani we could produce, in the

^ Stilling, Physiol, patliologisclie, und exerce sur la temperature animale. Paris,

Med. practisclie Untersucliungen iiber 1851.

Siiinal-irritation. Leipsig, 1840. - See' Philalelphia Medical Examiner,'
' See the Comptes rendus de la Socie't^ August, 1852, p. 489.

de hiulogie, Decemhie, 1851. Gazette Med- ^ See Comptes rendus de la Socie'te' de

icale de Paris, 1852, p. 74. Comptes ren- hiologie {Gazette Medkale, 18.53, p. 71).

dus de VAcade'mie des Sciences, seance du * See Schiif, Ueher motorische Zungen-
29 Mars, 1852. Becherches experimentales lahmung (^Archiv fiir physwlogische Heil-

sur le grand sympathique et spe'cialement Icunde, von Wunderlich und Vierordt,

sur I'influence que le section de ce nerf 1852).
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organ to which it is distributed (the sub-in axillary gland), an over-

activity of the capillary circulation, and a dilatation of the small

arteries, such that the blood would circulate in the veins with all

the appearances of arterial blood. He showed, also, that other

nerves going to the arteries of the face had equally the power to

dilate those arteries.^

B.

—

Oioinion of M, CI. Bernard in favour of the active dilatation of

vessels.—Although treating of the therapeutic influence of localized

faradization upon the activity of local circulation, I ignoreil the

mechanism of this influence until our great physiologist, M. CI.

Bernard, after having contributed so largely to make known the

proper action of the great sympathetic, entering upon a new path

of discovery, had shown, especially by his experiments upon the

chorda tympani, that, in opposition to the action of this nerve as

a constrictor of the vessels, other nerves, when excited, produced

dilatation of the vessels, and that hence they are dilatators of the

arteries, and accelerators of the capillary circulation.

Although it is true that, in the hands of M. CI. Bernard, experi-

ment has as yet shown the two orders of vascular nerves (con-

strictors and dilatators) only on the arterioles of certain glands

and of the face, yet it must be remembered that his genius has led

him to believe that the active dilatation of vessels must be general.

The following are the terms in which he expresses his opinion :

—

" It is admitted, in general," he says, " that all the phenomena

that follow section of the great sympathetic in the neck are the

consequences of paralysis of the nerve and of the consecutive

passive dilatation of the vessels. This explanation appears to me to

be insufficient, to say no more. 1 am assured, indeed, after that

experiment, that the blood which enters the venous system is

warmer than that which traverses the arteries. There is then,

among these phenomena, something more than a simple passive

dilatation of the vessels : we are in the presence of an action of a

different kind, and until now unknown. The contraction of the

pupil, after division of the cervico-cephalic branch, is not a passive,

but, on the contrary, is an active phenomenon ; there is produced,

after the section of the sympathetic, a predominance of action of

the ciliary branches of the third pair.

" The variations observed in the size of the vessels appear to

belong to the same class of phenomena, although here the contrac-

tion is produced when the sympathetic is excited, and the dilatation

when it is divided, the opposite of what happens in the pupil. This

* See CI. Bernard, Lemons sur les pro- I pathologiques des liquides de Vorganisme,

prie't^s physiologiques et les alterations
j
tome ii., le9on.s des 4 et 9 Juin, 1858.
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is not a simple hypothesis ; the active dilatation of vessels is one of

the most unquestionable verities which have been brought to our

knowledge. I have proved by direct experiment that there are

two orders of vaso-motor nerves, acting in opposite directions ; and

that their properties are, in the majority of cases, called into play

by reflex influence."^

M. CI. Bernard reiterated the same opinion, in 1864, in a more

explicit manner. "The vascular system," he said, "is subject to

the influence of two nervous systems, more or less distinct : the

sympathetic system and the cerebro-spiual. Let us inquire what

is the function of each of them ; and what part may legitimately

be assigned to each in the facts that we have to study. The
former—the great sympathetic—has the function of a moderator of

the vessels. When irritated, it produces a more or less considera-

ble contraction of them, a contraction which forms a certain degree

of impediment to the circulation, and hence diminishes its speed.

On the other hand, by exciting the filaments of the cerebro-spinal

system, we produce a dilatation of the same vessels. Such is the

whole mechanism of the nervous influence. With these two modes
of action alone—contraction and dilatation of vessels—the nervous

system governs all the chymical phenomena of the organism.'"^

But, admitting only what has been demonstrated by experiment,

M. CI. Bernard is careful to declare that the generalization of the

phenomena of active dilatation of the capillary vessels is at present

only a hypothesis.

C.

—

Necessitij for the existence of dilatator vascular muscles, as

moderators of the constrictor vaso-motors.—I venture to advance a

new argument, showing the necessity for a system of nerves to

moderate the force of the constrictors.

I am convinced that all muscular action should have its anta-

gonist; and that this rule applies as much to unstriped as to

striped fibre. Just, indeed, as wherever I have seen deficiency

of antagonism in the muscles of animal life, the attitude and con-

formation of the limb or part set in movement by the muscles

has been altered, so the preservation of the normal calibre of the

vessels necessarily depends upon a certain equilibrium between
the tonic force of the constrictors and that of the dilatators. Such
appears to me to be the light thrown upon the question by my
clinical observations.

If it be objected that this also is only a hypothesis, I reply that

a hypothesis resting upon clinical observation is very near the

® CI. Bernard, ' Medical Times and
Gazette,' vol. ii. 1861, p. 51.

" CI. Bernard, Influence du

nerveux sur les phe'nomenes cldmiques de
I'organifime, 25" leyon (Revue des cours
scieiitifiques, 28 Juin, 1864.)
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truth. How often, for example, in matters falling within my
personal researches, has clinical observation elucidated the physi-

ology of movement, and anticipated the anatomical fact. I will,

therefore, in this place say briefly on what clinical facts my hypo-

thesis reposes, as far as regards the vaso-motor dilatators,

I have said that the two orders of vaso-motors (constrictors or

ganglionic vaso-motors, and dilatators or cerebro-spinal vaso-motors)

as reciprocal moderators, appear to me necessary, not only to the

functions of the organs on which they ramify, but also to the pre-

servation of the normal calibre of the small vessels. Indeed, when

one of the two sets is paralysed, the local circulation is profoundly

altered. If the ganglionic vaso-motors are paralysed, the arterioles

remain dilated, inert, and the venous blood becomes red ; while

the reverse happens if the cerebro-spinal nerves are affected.

Clinical observation seems to me to show that the force of the

cardiac impulses (which moreover, as shown by M. Marey, are less

felt in the vessels in proportion as their calibre diminislies) does

not suiSciently moderate the power of the constrictor nerves of the

vessels. In a certain number of cases indeed, in which it seemed

established that the anterior cornua of the spinal cord had under-

gone rapid change, without lesion of the ganglionic system (as in

infantile myelitis) I have observed, at a time more or less distant

from the commencement of the disease, that the parts receiving

morbid innervation were affected as follows:—The vessels were

contracted, the calibre of the cutaneous veins diminished, the skin

was discoloured or cyanosed, the temperature lowered, and at the

same time the muscles were wasted. Having, then, found that

the beats of the heart retained their normal energy, and that the

pulse was not weakened, I have concluded that the power of

the cardiac impulses was insufficient to neutralize the muscular

force Avhich tended incessantly to close the small vessels ; that it

was not enough alone to preserve the normal calibre ; and, in a

word, that the force which dilates the small vessels was paralysed.

I think then that, under these circumstances, the diminution

of calibre of the small vessels is explained by the unrestrained or

predominant action of their constrictor muscles, from wliich a

local ischsemia results. Ordinarily, the lesions of the cord, and

of the nerves which proceed from it, produce in the first place

a neuro-paralytic hyperemia, which, at a more advanced period,

is replaced by the opposite disorder of the local circulation, that is,

by the morbid phenomena described above. (May we not attribute

also to these same disorders of the circulation the diminution

or loss of electro-muscular contractility which supervenes so

quickly in atrophic paralysis ?)
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D.

—

Theraiieutic action of localized faradization upon the develop-

ment of vessels.—If such is the mechanism of the disorder of local

eircuhitiou that is observed consecutively to lesions, imflammatory,

organic, or traumatic, of the cord and of the mixed nerves, we are

able to explain one of the favourable results obtained by direct

muscular faradization.

The first therapeutic effect of direct muscular faradization, in

the treatment of these forms of paralysis, is, as I have said, slightly

to redden the skin, in the excited region, during the passage of

the current. We soon afterwards observe elevation of tempera-

ture, increase of sensibility, and at last, more slowly, the enlarge-

ment, almost visihhj, of the cutaneous veins. I have often seen these

phenomena continue after the faradization, and sometimes increase,

so as to resemble an irritation, and to require the suspension of

treatment and the use of emollients, baths, poultices, and the

like.

It is certainly not the excitation of the ganglionic vaso-motors

that produces these immediate effects. It, on the contrary, pro-

duces contraction of vessels, decoloration of the skin, and cooling

of the excited region. Consequently, the hyperaemia that is wit-

nessed during faradization, under such circumstances, must be

considered as an active hyperaemia, produced by excitation of the

dilatator vaso-motors.

Why do not the vaso-motor constrictors, that are influenced by
the faradization at the same time as the dilatators, produce a con-

sequent contraction of the vessels ? For the present, I must admit,

I do not know the reason. I am therefore bound to mention the

fact.

E.— What is the mechanism of the active dilatation of vessels?

(a). According to M. CI. Bernard, the vaso-motor dilatators exert

a paralysing action upon the vaso-motor constrictors, by the inter-

mediation of small peripheral ganglia, which are found in great

numbers in the course of inti-a-glandular nerves ; their irritation

is propagated to these small controlling centres, the activity of

which consists in checking function, in producing momentary
paralysis of the ultimate nervous filaments in relation with the

vascular muscles. With regard, for instance, to the chorda tym-
pani, the excitation of this nerve proceeds, after the hypothesis of

M. CI. Bernard, to rouse the activity of a sub-maxillary ganglion

destined to moderate, or temporarily to paralyse, the vaso-motor

constrictors that are distributed to the vessels of the sub-maxillary

gland.

The hypothesis of M. CI. Bernard is supported by ingenious ex-

periments
; but, according to Schiff, this doctrine of a central

M
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office for peripheral ganglia, so often invoked for the purpose

of explaining certain paralysing functions, rests only upon arbitrary

hypotheses. The following is the most serious objection which

Schifif opposes to the suggestion of CI. Bernard. If it be sound,

he says, with regard to the sub-maxillary gland, it should apply

also to the ear of the rabbit, where we have equally the possibility

of a vascular dilatation, produced by the direct irritation of nerves.

But no one has discovered the smallest microscopic ganglion in

the ear of the rabbit, any more than in that of the dog, or of

man.^

(&). M. Schiff has endeavoured to simplify and to solve the

question of mechanism now under discussion, by admitting the

possibility of active vascular dilatation by longitudinal muscular

fibres. But it may be objected anatomically, that such instru-

ments of dilatation do not exist.^

At present, however, this plea seems to me to have lost its

force, since M. Gimbert, whose admirable researches into the

structure and texture of arteries I have already hail occasion to

quote, has discovered in some arteries the presence of numerous

longitudinal and oblique muscular fibres, interlacing with the

horizontal fibres.

" Their direction (t\ie arterial muscular fibres), he says, " is

most frequently horizontal, but it may be oblique, or even longi-

tudinal." ^

He has shown the direction of these fibres in several figures,

of which I have reproduced one only, fig. 42, which shows a

Hg. 42.—Longitudinal section of umbilical artery at the base of the cord. Enlarged 700 diameters,
after Gimbert.^

' Schiff, loc. cit., torn, i., p. 271.
^ M. Schiff appears to have abandoned

his hypothesis of the existence of longi-

tudinal muscles, doubtless on account of

this objection. He has written, indeed,

in one of his lectures, " Although the in-

strument of active dilatation at jiresent

eludes our means of investigation, nothing
has shown the impossibility of the pro-

cess." All that we can say, provisionally,

is that, while the mechianisra of con-

striction is directly explicable by micro-
scopic examination of the vascular muscles,

the active dilatation appears to be ex-

traneous to the proper tissues of the ves-

sels, and to be effected by the intermedia-

tion of extra-vascular tissues.

' Gimbert, loc. cit., p. 80.
* I, I, Longitudinal muscular fibres

;

i, t, horizontal muscular fibres ; E, oiiter

coat ; M, middle coat ; I, inner coat.
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longitiidiDal section of the wall of an umbilical artery, at the
base of the cord, magnified 700 diameters. We see at 1 1, says

M. Gimbert, muscular fibres implanted in an amorphous matter,

homogeneous and transparent, like grains of oats imbedded in a
homogeneous and elastic mass, and also horizontal fibres cut

transversely.

M. Gimbert has found this anatomical arrangement in several

arteries, and he purposes to search for it in the capillaries. Mani-
festly, if it were general, the question of the mechanism of the

active dilatation of vessels would be singularly simplified, and
would be almost as firmly established as that of the vaso-motor

constrictors.

The hypothesis of longitudinal muscular fibres destined to

produce active dilatation is therefore verified, at least for certain

vessels. And what other purpose could they serve than to shorten

the vessels, and, consequently, to dilate them? Is it not an
established fact in physics that the capacity of an elastic tube

diminishes or increases, accordingly as it is extended or shortened

longitudinally? The arteries seem to favour these changes of

capacity by their structure, by the fact of their lengthening or

shortening. May it not, indeed, be the case that the elastic

elements are, under the form of fibres, the fundamental portion of

the middle coat, and that they are arranged in all directions?

In conclusion, notwithstanding the obscurity and the differences

of opinion which at present prevail with regard to the mechanism
of active dilatation of local blood-vessels, the fact of the active

dilatation of vessels, at least as regards some of them, is, even

anatomically, perfectly established in my eyes. If it were not so,

I should still say, with M. Schifi", "It would be bold to deny
an observed fact, even although we may not understand its

mechanism."

It is by admitting the generalization of this important physio-

logical fact, brought to light chiefly by M. CI. Bernard (the active

dilatation of vessels), that I have been able to render an explana-

tion not only of the active hypersemia produced immediately by
localized faradization, in the treatment of paralysis consecutive to

lesions of the spinal centre, or of the nerves proceeding from it,

but also of one of the principal therapeutic results, appreciable

between the applications; namely, the augmentation of the
activity of the local circulation, and of the tonic force of the

vessels, appreciable especially by the reappearance, from develop-

ment, of the cutaneous veins, and from the coloration and
the normal temperature of the skin, without complication with

hypersemia.

M 2
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III.

—

Nerves acting directly upon the nutrition of

THE TISSUES.

The increase of activity of the local circulation does not suffice

to explain certain pathological states. This idea had taken root

in some minds before it was confirmed, at least in part, by patho-

logical anatomy.

A.

—

Theory of M. Brotvn-Sequard ; ojnnion of ill. Virchow.—
M. Brown-Sequard was the first to express clearly this important

view, in the lectures which he published in 1858, and republished

in 1860.^

"The nervous system," he says, "determines an increase of the

attraction exerted upon the blood by the living tissues, and, in

this case, the phenomenon is attended by dilatation of the blood-

vessels. The nervous system ads directly and originally upon the

jparenchyma of the tissues'^ Elsewhere he writes again, " The
simple fact of an increase or a diminution in the quantity of blood

that passes through a part of the body in a given time, assuredly

suffices to explain the physiological changes, and some of the

morbid modifications, which we habitually observe in secretion and

in nutrition; hut some other pathological states seem to require for

their production, something more than a simple change in the quantity

of blood.

" An inflammation, for example, cannot he explained hy a modifi-

cation of this kind, because, after section of the cervical sym-

pathetic, we see a considerable increase of blood occur in the eye,

tlie ear, &c., and continue during many weeks or months without

producing inflammation. It is true that the morbid action (in-

flammation) developes itself much more easily in these parts than

in others ; but, I repeat, it does not manifest itself spontaneously,

as a pure and simple consequence of increase in the quantity of

blood. It is therefore necessary to admit that, ivhen a nervous

influence acts upon certain tissues so as to produce inflammation,

the principal cause of the morbid process is not the increase in the

quantity of blood, but rather the modifications which the tissues

undergo, and tvhich produce an unusual attraction for arterial

blood}

B.—Almost at the same time Yirchow also declared that modi-

fications of nutrition did not depend, directly, upon the larger or

smaller quantity of blood that circulated through the part. But,

resting upon the experiments of CI. Bernard, who showed that

Brown-Se'quarrl, ' Central Nervous System," Philadelphia, 1860, p. 172.

Ibid., loc. cit.
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section of the great sympathetic produced no other result than an

increase of the local circulation and calorification, without partici-

pation of cells or morbid action, and without inflammation, he

argued against those (the neurists), who held that nutrition was

under the control of innervation, and maintained that the pro-

perties of the cells themselves were the essential causes of nutritive

phenomena.
" The increase in the nutrition of parts," he wrote, " should

much rather be attributed to certain conditions of tissue (irrita-

tion) ; conditions which are able to modify the affinities of the

tissues for the various principles of the blood, or to the presence

in the blood of certain substances possessing a special attraction

for certain parts of the body.^

It is well known that a distinguished pathologist, M. Spiess, has

maintained, in opposition to Virchow, that nutrition is always

under the control of innervation."

For myself, I have so often seen alterations of peripheral

nutrition supervene consecutively to lesions of certain points of

the nervous centres or of nerves, that it would be impossible for

me to overlook the influence that innervation exerts upon nutri-

tion. It was in reference to the difficulty of explaining these

alterations of nutrition, consecutive to nervous lesion, that I found

occasion to say, if there ivere no trojiliic nerves it would he necessary

to invent them.

C.

—

Trojihic nerves of Samuel.—Such were the ideas entertained

in 1858 by Brown-Sequard and Virchow, upon the influence of

the nervous system in the production of the phenomena of nutri-

tion and secretion, when, in 1860, Samuel endeavoured to give

shape to notions analogous to those of Brown-Sequard, by suggest-

ing an anatomical and physiological description of the nerves .

which have for their function diredhj to sufi^ort the nutritive

adivitij of the tissues.

This learned observer has shown, in a highly interesting volume,''

the direct, and indirect, action of the nervous system upon nutrition

;

he has inquired what are the affections of this system, which

occasion various disorders, and he has come to the conclusion,

from experiments upon animals, and from clinical observation on

man, that there are certain special fibres which he has denominated

trophic nerves.

The following is a summary of the chief facts upon which

he rests his doctrine. According to him, inflammation cannot be

^ Virchow, Xa ratJioJogie cellulaire, etc.

3rd oditiou, Paris, 1868.
•^ Spiess, rathologlsche I'liijsioknjie,

Fnuikfurt-ain-Maiii, 1857.
' Samuel, Truyhischen Nerven,

siK, ISGO.

Lcip-
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produced either by excitation or by paralysis of the vascular

nerves ; but, when the spinal nerves are irritated experimentally,

the parts supplied by them become inflamed ; hence these nerves

contain special fibres which may be called trophic. Irritation

of these produces acute inflammation, with rapid proliferation of

cells ; their paralysis is followed by wasting of the tissues. They
do not produce chemical changes, but excite only the nutritive

activity of the cells and tissues. In the neuralgias attended by
eruption, the inflammation attacks both the sensitive and the

trophic nerves, whence the simultaneous occurrence of pain and of

nutritive disturbance. The trophic nerves originate in tJie spinal

ganglia, or in others corresponding to them,—tJie Gasserian, for

example. They have a centrifugal direction. The foundation,

the principle, the cause of nutrition is in the cells ; its measure is

in the trophic nerves.

D.

—

TJie clinical and anatomo-p)athological facts observed hy

Bdrensprung and Charcot realise only in part the theoretical ideas

of M. Samuel, (a). Exposition of the facts. The hypothesis of the

existence of trophic nerves began to be realised, in part at least,

(so far as concerns the presence in the spinal ganglia of nervous

fibres, exerting an evident action upon the nutrition of the skin),

from the time when Professor Barensprung discovered an alteration

of the intervertebral ganglia, in a case of herpes zoster occupying

a region that was in relations of innervation with them.^

Case X.

—

Summary.—A zona, occurring without known cause, in a tuber-

culous boy one year old, extended from the sixth to the ninth rib. More
than two inches in width, it commenced posteriorly, not far from the middle

Line, from the sixth to the eighth vertebra, and forming a demi-cincture, it

terminated exactly below the ensiform cartilage. The boy completely re-

covered from his zona, which followed a regular course, but died from
phtliisis six weeks after the zona commenced. The spinal yanglia corre-

sponding to the sixth, seventh, and eighth nerves, were firmly adherent to the

parictes of the intervertebral canal. The cellular tissue in their neighbourhood

exhibited inflammatory redness, and the ganglia, as a whole, were increased in

volume. The microscope shewed that the neurilemma also presented un-
questionable traces of inflammation. There were, properly speaking, no
changes in either the nervous elements of the ganglia or in those of the

nerves.

* Barensprung, Case XXXVI. AUera-

tion of many special ganglia and of the

corresponding intercostal nerves. "Zona,"

Ami. Charite'-Krankh, Berlin, vol. xi.,

1863, p. 96.

This learned physician is the author

of the most important treatise wliich has

been published of late years, upon herpes

zoster. At the close of his first memoir,
in which he has brought together fifty-

five new and important cases, he states, ! a vesicular eruption."

for the first time, and before he had

ascertained the anatomical fact mentioned
above, his theory of Zona. " In conclu-

sion," he says, " zona is an alFection of

the ganglionic portions of the nervous

system ; it follows especially from irrita-

tion of the spinal gangUa, or of the gas-

serian ganglion. However, an irritation

of the jjeripheral portions of nerves

which contain fibres proceeding from
these ganglia, may also be followed by
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Case XL—The foregoing has been confirmed by another case seen by
M. Charcot, in 1865, in a woman seventy-eight years of age, who was under
his care at the Saltpetriere. In this case the intervertebral ganglia and
intercostal nerves, corresponding to the surface attacked by the zona, pre-
sented precisely the same appearance as in that last described.^

(6). Critical examination.— The following, I think, are the

deductions that should be drawn from the anatomo-pathological

facts of Barensprmig and Charcot. 1. Inflammation of spinal

ganglia anatomically characterised by a well-marked vascular

injection, and a proliferation of the perineurine, without lesion of

nutrition, or with only a slight change of the nervous elements,

produces, in the portions of skin which receive innervation from
the parts affected, a special lesion of nutrition, of the nature of

zoster. 2. The neuralgia which accompanies the zona is the

result of excitation of the sensitive nerve-filaments which pass

through the ganglion. 3. The spinal ganglia contain the trophic

nerve-filaments of the skin. But the anatomo-pathological facts in

no way confirm the general doctrine of Samuel and Barensprung,
who maintain that the trophic nerves originate in the spinal ganglia.

M. Charcot, a more strict observer, and one who ne^er goes
beyond his facts, has been too careful to draw any general con-

clusion from his own particular case.

The clinical facts do not prove, indeed, that other parts of the

nervous centres may not contain trophic nerves of the skin.

Clinical observation shows, moreover, that, under certain circum-

stances, lesions of the cord will alter the nutrition of the skin and
of the subcutaneous cellular tissue. Of this I could cite many
examples from my practice. Thus, in infantile spinal paralysis,

the anatomical lesion of which is a wasting or destruction of the

cells and a fibroid metamorphosis of the anterior oornua,^ whenever
a muscle has been attacked in its nutrition and texture (granular

or fatty degeneration), I have observed that the subcutaneous
cellular tissue covering it was hypertrophied, and sometimes that

the nutrition of the skin was altered in various ways. These con-

ditions will be more fully described in the chapter which treats of

the spinal or fatty atrophic paralysis of infancy.

I should observe, also, that inflammation of the spinal ganglia
produces no lesion of nutrition excepting in the skin. How, then,

shall we explain the alterations of nutrition of the muscular and
even of the osseous system, which have been observed consecutively

^ Charcot et Cotard. Alteration (n^u-
rite) du "plexus cervical et des ganglions

correspondants des racines spinales pos-

terieures, Zona du ecu (^Memoires de
la Socie'te'de biologic, 1865, p. 47). Charcot

' This anatomo-pathological fact, dis

vered in 1866 by M. Prevost, interne to
M. Vulpian, has been confirmed by a
recent autopsy in a case of infantile

paralysis, communicated to me by M.
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to certain lesions of tlie cord, if, as Samuel and Barensprung

believe, the trophic nerves take their origin only from the spinal

ganglia. I shall hereafter describe cases which show, in the

spinal disease of infancy, the muscular nutrition suffering more
profoundly than the osseous, and vice versa.

It is well known that peripheral nervous lesions produce various

changes in the skin, which prove the presence of cutaneous

trophic filaments in the peripheral nerves. This fact, first pointed

out by the illustrious English surgeon, Mr. Paget,^ has been con-

firmed by other observers. I remember that I have myself often

witnessed it ; but I must confess that I did not perceive its im-

portance, or, at least, that I did not investigate its mechanism.

I should observe, also, that in progressive locomotor ataxy

(sclerosis of the posterior columns of the cord), and in secondary

sclerosis of the lateral columns, consecutive to hperaorrhage in the

corpora striata, we sometimes have lesions of nutrition of the skin

(eschars), of the articulations, and of the tendinous sheaths (arthro-

pathies). These important facts have been discovered by M.

Charcot.^

The foregoing facts and considerations seem to me to show that

the origin of the anatomical elements of the spinal ganglia is sub-

ject to a general law of centralization ; which it is the tendency of

physiological experiment, and of clinical observation, more and more

to establish. Thus, the great sympathetic was considered as a

kind of nervous centre independent of the spinal centre ; but

observations and experiments have shown that lesions of the cord

and of the medulla produce, in local circulations, disorders analogous

to those which follow direct lesions of the sympathetic. These

facts prove the existence of nervous fibres of the great sympathetic,

in the points of the spinal centre from which the nerves producing

such disorders take their origin. In the same way it has been

shown that the spinal ganglia should not be considered as the

exclusive centres of the trophic nerves in general, nor even of

the cutaneous trophic nerves, which seem only to hold to them a

relation of particular dependence.

E.

—

Anatomical considerations.— {a). According to Barensprung,

anatomy shows that the sj^inal ganglia are nervous centres, the

unipolar cells of which do not communicate with the spinal cord.

He rests upon the opinion of Kolliker, who wrote: "As far as I

^ Paget, ' Surgical Pathology,' Vol. i., pathologique, torn, i., 1868, pp. 308-313).

—

Medical Times,' 1864.
[

8ur quelques arthropathies qui paraissent
^ Charcot, JSote sur la formation rapide ; dependrc d'mie h'sion du cerveuu ou de la

d une escliarre u la /esse du cote paralyse moelle epiniere (Idem., pp. 161-178, 379-

dans I'he'miple'gie re'cente de cattse cere'- ' 100, PI. 6).

brale Archives de physiqlogie nonnale ct
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liave been able to observe, there is not in the ganglia any relation of

continuity hetiveen tJie joosterior roots and the ganglionic globules. It

follous that each ganglion should perhaps he considered as a source of

new fibres. In man and the mammalia, I have shown the existence

of unipolar cells ; and I believe I may even affirm that these cells

are very numerous." *

This opinion of Kolliker's is in opposition to that of anatomists

in general, who believe that most of the cells possess two poles, of

which one is continuous with the spinal cord, the other with a

peripheral nerve-fibre. It cannot, moreover, be sustained, in

the presence of my own icono-photographie researches. In the

longitudinal sections of the spinal ganglia that I have photo-

graphed, I have found cells apolar, unipolar, and bipolar, the

number of one or of the other predominating according to

the chances of the section. Fig. 43, which represents a longi-

Kig. 43.—Longitudinal section of a spinal ganglion from tlie cervical region, pbotogia[)hcd and
licliographed to 21 diameters.

* A. Kollikcr, Elements d'hidoloqie liumaine: ^'Structure des qaiuilions sninaiLi\"
p. 355. 1856.

J
_^

I
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tudinal section of a spinal ganglion in the cervical region, and

whicli has been heliographed after a direct photograph of 21

diameters, is an example. We see, in this figure, that the cells

are collected in great numbers towards the walls of the gang-

lion (an anatomical arrangement that I have found in all the

sections of spinal ganglia, whether longitudinal or transverse, that

I have made). It will be remarked that, towards the free margin

a a of this longitudinal section, nearly all the cells are apolar (their

circular form is distinct), while on the opposite side, h h, in the

vicinity of the posterior root, the cells are bipolar and unipolar,

as shown by their pear-shaped or oval outline. Well, sometimes

the reverse is the case ; which proves that the appearances depend

upon the chance of the section having been made through a

greater or less number of such or such cells. It is difficult to say,

even approximatively, what is the proportion of bijjolar or uni-

polar cells, for sometimes the number of bipolar cells is the

greatest, sometimes the contrary ; and it is, moreover, conceivable

that cells which appear to be apolar in a given section, may be

bipolar in reality.

Kdlliker says also :
—" Even where a cell gives off two pro-

longations, it does not follow that one of them must be centripetal,

and the other centrifugal : on the contrary, both may be directed

towards the periphery ; at least this is what is seen in examining

very small ganglia. Stanuius himself found, in bipolar cells, the

two prolongations uniting the one with the other." ^

In not one of my longitudinal sections of spinal ganglia, have I

met with this peripheral direction of the poles of bipolar cells.

The poles always extend in opposite directions, one towards the

cord, the other towards the surface, as shown in fig. 44, drawn

from a photograph taken from nature to 200 diameters, at the

point c of fig. 43, which, as already described, represents a photo-

graph, to 21 diameters, of a spinal ganglion. Fig. 44 shows an

apolar cell, a, two small unipolar cells, h, V, and two large bipolar

cells, c, c.

All my transverse sections of sj)inal ganglia have shown a certain

number of cells that were each in communication with another

cell, more or less near to them, by means of a lateral prolonga-

tion, the texture of which, at least, was in all respects like that of

the central or peripheral prolongations; the lateral prolongation,

arising from the middle portion of the cell, appeared to be a sort

of nucleated sheath, which was continuous with the nucleated

reticular envelope of the cell. I think I am entitled to conclude.

' KoUikcr, loc. rii., p. 357.



THERAPEUTIC VALUE OP LOCALIZED FARADIZATION. 171

from these anatomical facts, that the spinal ganglia, without doubt,

contain tripolar cells, of which two poles are continued respectively

*':i%^^

r^^^^^^l^^

fJw

Kig. -!•).—Cells photographed and heliographod to 200 diameters, at the point c of the spinal
ganglion photographed to 21 diameters in Fig. 43.^

in a central and a peripheral direction, like those of the cells c and

c in fig. 43, and the third, in a lateral direction.

If we suppose that, in endeavouring to isolate a tripolar cell, its

central pole had been broken in preparation, we should have the

appearance of a cell the two poles of which had a peripheral

direction, as in the bipolar cells described by Kolliker.

In conclusion, it has been shown that the cells of the spinal

ganglia communicate anatomically, in part at least, with the

spinal cord ; and that we should not consider these ganglia as

the centres of the trophic nervous filaments. Are they, possibly,

organs of re-inforcement for the trophic nerves of the skin ?

From these data many clinical facts receive their explanation.

Thus, inflammation of certain portions of the cord is not only

followed by ati-ophy, with granular or granulo-fatty degeneration

of muscles, and by atrophy of bone, but also by a slight lesion of

nutrition of the skin, which becomes more or less wrinkled, scaly,

and earthy, and, lastly, by decrease of temperature, with hyper-
plasia of the subcutaneous cellular tissue, in the locality of the

wasted muscles. I have observed this assemblage of phenomena
hundreds of times in the spinal paralysis of infancy ; the anatomical

cause of which, as shown by several autopsies, is situated in the

® a, apolar cell ; 6, &', two small imipolar

cells ; c, c', two large bipolar cells. The
cell c, cut through the middle, displays

its granular contents and nucleus, which
are hidden in the cell c' hv its reticular
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anterior cornua (I shall hereafter describe its anatomical characters).

To the above described disorders of nutrition will be added a more

grave altei'ation in the skin, such as herpes or eschar, when the

inflammation attacks not only the cord, but also the spinal ganglia,

organs of re-inforcement of the trophic nerves of the skin. I have

seen this happen a certain number of times, consecutively to frac-*

tures of the vertebral column, in which, at the place of injury, the

cord and the ganglia had been entirely destroyed, either by

the injury itself, or by consecutive inflammation, I do not doubt,

that the same lesions of nutrition Avill be found in cases of spon-

taneous and simultaneous inflammation of the cord and the spinal

ganglia, when it is no longer customary to neglect, as at present,

to examine the condition of these organs. Lastly, when the inflam-

mation is limited to the spinal ganglia, it will produce alterations of

nutrition limited to the skin. This is what has been observed in

the cases of zona published by Barensi)rung and Charcot,

(h). It follows, from the facts and the considerations above set

forth, that the cerebro-spinal centre contains the nervous filaments

which promote local circulation, and the nutrition of the tissues,

Wiiat, then, should be the distinctive characters of these filaments?

If this question be one day answered, it Avill be only by the con-

currence of clinical observation with pathological anatomy. At

]>resent I only attempt to call attention to it, in recording an

anatomical fact that my icono-photo-

graphic researches have brought under

my observation.

In all the transverse sections that

I have made, at different heights,

through the cord, the medulla, and

the anterior and posterior roots, I have

found a multitude of nervous tubes,

about 0*™"-0033 in diameter, scattered

in groups among the motor or sensory

tubes, of a diameter ranging from
O-mm-oi to 0-02 and 0-03. This ana-

tomical fact has been brought to light

by the photographs of the transverse

sections of the several parts. The
figures 45 and 46 have been drawn

They show a great number of these

a y 200 d X2\

Fig. 45.—Transverse section of the nerve-

tubts of a syrupatlietic ganglion, enlarged

200 diameter's at a and 6, and 400 diameters

at c ; and of the anterior colimm of the

cervical enlargement of the tord, enlarged

400 diameters, at d.

from two such sections.

^ I sent some of these photographs to scattered through all points of the

the Arad^mie des Sriences, in 1864, and medulla, the cord, and the spinal roots,

called attention to the number of .small and mixed with nerve tnljes of 0'"""-01,

nervons tubes, of 0-'""'-00oo, that were 0-02. and O-Oo.
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small nerve-tiibes placed betueeu much larger tubes, and

appearing iu the transverse sections of: 1. the anterior column

e / uoQ gx 400

Fig. 46.—Transverse section of nerve-tubes at dififerent heights in the medulla ate and/,
and in a posterior root at g.

at the cervical enlargement, at d, fig. 45, to 200 diameters ; 2. the

antero-lateral column of the lower portion of the medulla, at e,

fig. 46, to 400 ; 3. at the level of the calamus scriptorius, at

/, to 400 ; 4. of a posterior spinal root, at g, to 400.

All the groups of minute nerve-tubes in the columns of the

spinal cord, and in the anterior and posterior roots, are far from

being conclusive examples; and I have selected those depicted at

d, e, f, and g, in support of my thesis.

I should also remark that the minute nerve-tubes present the

same diameter as those of the tubes represented at a, h, and e, in

fig. 45, which have been drawn from different transverse sections

of sympathetic ganglia, photographed, at a and h to 200, and at c

to 400 diameters.

Are they, in part, the origins of the great sympathetic, and do
they contain, besides, the dilatator nerves of the vessels and the

trophic nerves ? The investigations I have made induce me to

admit the hypothesis ; but I repeat that I have no higher pre-

tension than to raise the question.

Paet the Fourth.

the therapeutic value op galvanization by interrupted
currents, and by continuous currents. direct ok in-

DIRECT.

§ I.

—

Historical {early experiments.)

The experiments that have been made upon the important
question that forms the subject of this paragraph are so numerous,
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that they would furnish subject matter for more than one volume,

if it were necessary for me to describe them in detail. Not

wishing to exceed the limits that I have set myself, I am com-

pelled to give only a brief summary of the principal facts that

have been brought to light by these experiments.

At the commencement of my own researches, galvanic excita-

tion of nerve-trunks by continuous currents appeared to me to

be the method of electrization most applicable to paralysis in

g-eneral. I knew that Alexander von Humboldt, in 1795, had

opened the way to galvanic treatment, by an experiment made
upon himself that is too well known to be related here, as well as

by the general impulse which he had given to such researches.

My reading had also informed me that, immediately after the

discovery of the pile by Volta, galvanic currents had been applied,

in Germany, to the treatment of some forms of paralysis and of

nervous affection until 1804 or 1805,^ and that these therapeutic

experiments had been repeated in 1823 by Aldini, and afterwards

by Nobili and Matteuci.

It seemed to me that the discoveries of Galvani,^ Volta,' Eitter,^

Alexander von Humboldt,^ Jean Aldini,^ Valli,^ Lehot,® and, since

1827, those of Marianini,'' Nobili,^ and Matteuci,'' were alone sufii-

cieat to furnish the elements of a rational electric treatment.

Their works taught that, in animals, it was possible to destroy or

* The following are the principal authors

^Yho, from 1797 to 1823, have followed the

experiments of Humboldt, with regard to

the therapeutic action of galvanic cur-

rents : —Loder, Journal fur Ghirurgie, tom.

iii. ; Grapiiengiesser, Versuche den Gal-

vanismus zur Heilung einiger Kranhheiien
anzuwenden. Berlin, 1808. Augustin, Ver-

such einer vollstdndigen Systemgeschichte

;

Struve, System der mediziidschen Electri-

citatheher mit liucksicht auf den Gal-

vanismus. Breslau and Leipzig, 1802.
^ Galvani, Sur I'irritahilite' halle'rienne,

Mt'moires commnnique's a I'lnstitut de
Bologne, 9 Avril, 1772 ; Siir les mouve-
ments musculaires des grenouilles, 22 Avril,

1773 ; Sur Vaction de Vophmi sur les nerfs

des grenouilles, 1774 ; Commenlaire De
viribus electricitatis, 1791.

1 Volta, Collezione deUe opere. Firenze,

1816.
- V. Eitter, Freuves qu'un galvanisme

independant accompagne le processus vital

dans le regne animal. Weimar, 1798.
3 A. von Humboldt, Versuche iiber die

gereizte Muskel und Nerven faser. Posen
and Berlin, 1797, tom. i. 324. Experi-

ences sur le galvanisme. Paris, 1793.
• Aldini, Essai th^orique et experi-

mental sur le gahanisme. Paris, 1804.

° Yalli, Lettres sur Ve'leciricit^ a Des-
genettes et de Lame'trie, 1792.

^ Lehot, Me'moire lu a. I'lnstitut, 26
Frimaire, an. IX.

' Marianini, Me'moire sur la secousse

qu^prouvent les animaux au moment oil

Us cessent de servir d'arc, au moment oii its

cessent de servir de communication entre

les poles d'un electro moteur, et sur quelques

autres phe'nomenes pliysiohgiques produits
par Ve'lectricite (^Annales de Chimie et

de Physique de Gay-Lussac et Arago.
Paris, 1829, tom. xl.). M^moire sur le

phe'nomene e'lectro-physiologique des alter-

natives voltaiques^c'est-a-dire sur les phe'no-

menes que pre'sentent les muscles des animaux
re'cemment tue's,si Von soumet hngtemps ces

muscles au courant e'lectrique {Annales de
Chimie et de Fhysique. Paris, 1834, tom.
Ivi.)

^ Nobili, Analisi sperimentali e teorica

degli effetti electro-fisiologici della rana,
con un' Appendice intorno alia natura del

tetano, della paralisi, ed al modo di curare

queste due malattie colla elettricita. Fi-

renze, 1834.
® Matteuci, Traits des phe'nomenes €lec-

tro-physiologiques des animaux. Paris,

1844.
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to diminish the excitability of a nerve, and at the same time to

paralyse the limb under its control, by maintaining for a given

time the passage through the nerve of a continuous current of a
certain intensity ; that, by an intermittent direct or inverse cur-

rent,^ directed upon the nerve thus modified in its excitability by
the continuous current, one could act upon the contractility, or

upon the sensibility ; and that it was possible to re-establish

the excitability of the same nerves, by causing them to be tra-

versed by currents in the contrary directions (alternative voltaic

currents.)

From the principal facts established by a series of experiments

upon animals, Matteuci thought himself able to draw electro-

therapeutic deductions. Of these, I will only cite the more
important. In speaking of the application of the various galvanic

currents to the treatment of paralysis, this skilful physicist says :

—

" We must admit that, in some cases of paralysis, the nerves of

the limbs are altered in a manner analogous to the alteration

which is produced by the continuous passage of an electric

current. We have seen that, in order to restore to a nerve

the excitability which has been lost by the passage of a current,

it is necessary to expose it to the action of a current travelliyig in

an ojpposite direction. In the same way, to remove a paralysis,

we should cause the passage of a current in an opposite direction

to that which would have produced it. We hence suppose that

the paralysis that is to be subjected to electrical treatment is

either of sensation or of motion only. Thus, for paralysis of

motion, it is the inverse current that should be applied ; and for

paralysis of sensation, the direct current. In a case of complete
paralysis, there would no longer be any reason for deciding upon
the application of either one or the other.^

§ II.

—

Physiological action of continuous currents, direct or inverse,

applied to the nerves of man, upon sensibility, or muscular con-

tractility.

I.

—

My first experimental researches.

I proceed now to the experimental researches that I undertook,
in the hope of being able to determine the value of the foregoing

therapeutical deductions.

* A direct (centrifugal, or descending)
\
nearer to the extremities. For the in-

current is produced by placing the rheo-
\

verse (centripetal, or ascending) current,
phores over the course of a nerve, at a

\

the position of the poles is reversed. Such
distance of two or three centimetres apart ;

|

has been the method employed by experi-
the positive pole being nearer to the menters.
nervous centres, and the negative pole

|
^ Matteuci, he. cit., p. 266.
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Before arriving at conclusions, from experiments upon animals,

with regard to the therapeutic action of continuous currents when
applied to human patients, it seemed to me more rational to

inquire whether the electro-physiological phenomena, observed in

vivisections, would be produced in a healthy man. But how
could a current be directed ujion a nerve, without first laying it

bare? Assuredly no one would venture to attempt such an opera-

tion in the human subject, for the purpose only of promoting

scientific research. And electro-puncture, in which the needle

traverses organs of different nature, and, as I have already shown,

produces complex phenomena, would not serve to display the

action of continuous currents upon nerve-trunks.

It is now perfectly demonstrated, after my researches, that,

without puncturing or incising the skin, w^e may limit the electric

action at pleasure, either in the skin or in subcutaneous organs

;

and that by certain methods of proceeding, the electric excitation

will reach a nerve, without acting upon the skin that it penetrates.

Certain, from this, that I could limit the electrical action to the

chief nerve-trunks, I have studied, in a large number of sub-

jects, the influence of continuous currents upon contractility and

upon sensibility. I have principally selected for my experiments

the median nerve, the crural, and tlie internal and external pop-

liteal. Sometimes the rheophores have been placed on the course

of a nerve at a point where it is subcutaneous, and two or three

centimetres apart ; and sometimes they have been separated as

widely as possible, by placing, for example, one upon the brachial

plexus, or upon the sacral plexus at the posterior wall of the

rectum, and the other on the course of the nerve. The rheophores

have been placed in such a manner as to be only in relation with

the surface of the nerves.

It has been shown, by numerous experiments upon animals, that

the continuous current manifests its special influence upon con-

tractility or upon sensibility, according to the direction in which

it passes longitudinally within the nerve, when the excitability has

been previously diminished by the more or less prolonged action

of a continuous current.

To discover the influence of a continuous current upon a healthy

man, it was therefore necessary that the excitability of his nerves

should be first modified by the continuous current. For this

purpose, I employed, in the first instance, a trough battery (of

Cruikshank and Wollaston) composed of sixty couples, and I

caused a continuous current to pass through the nerves for from

tw^enty to thirty minutes, by placing them in the circuit of this

battery, and by using the method of procedure indicated above.
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This attempt having produced no result, I thought that a more
powerful and more constant current might diminish the excita-

bility of the human nerves ; and I then had recourse to a battery

composed of thirty of Bunsen's pairs, a little weakened by previous

use. Afterwards I employed a Daniell's battery of from thirty to

fifty elements. In all these experiments, I took care to avoid the

occurrence of contraction on completion of the circuit, by proceed-

ing in the way formerly described. (See note to page 12.) After

twenty or thirty minutes of action of the continuous current from

these batteries, in whatever direction, I was unable to discover

that the sensibility of the nerves had diminished. The contrac-

tions of the muscles supplied by the nerves were quite as ener-

getic, under the influence of an intermittent current, after, as

before the experiment ; the sensibility was not modified, and the

power of voluntary movement was not diminished.

Although I was unable to diminish artificially the excitability of

human nerve, I had at least occasion to observe certain instances

of paralysis, in which the nerves and even the muscles had in part

lost their excitability. In these cases again, the inverse con-

tinuous current acted no more upon the contractility, than did the

direct continuous current upon the sensibility. Neither of these

currents abolished the excitability of nerves already affected, and
through which they were made to pass for a considerable time.

To sum up, in a man in normal condition: 1. a continuous

current passed through a nerve, during from twenty to thirty

minutes, did not appear to me to diminish its excitability ; 2. when
I directed a continuous current, centrifugal or centripetal, upon a

nerve of normal excitability, or upon a nerve the excitability of

which was diminished by certain forms of paralysis, I observed

always the customary phenomena, namely, contractions and sensa-

tions ; neither the one nor the other of the two (direct and inverse)

currents ever acted, in an appreciable manner, upon either the

sensibility or the contractility separately.^

These results caused me real disappointment : since I had ex-

pected to obtain, in man, the phenomena described by Marianini,

Mobili, Matteuci, and their predecessors; and concerning which
the experiments made upon animals seemed to me to be entirely

conclusive.

It will be said, without doubt, that if I had directed upon human
nerves a more intense current, I should have been able to diminish

' I formulated almost the same con- periments, to diminish the irritability of
elusions in a memoir presented in 1848 to : nerves, by subjecting them to the influence
the Academie des Sciences. But at that i of a powerful continuous current,
time I had not endeavoured, in my ex-

|

N
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or destroy their excitability. But this objection might be made
again, even when I had unsuccessfully experimented with a more
powerful battery. And who would attempt such experiments

upon man ? Who would willingly submit to very painful experi-

ments, capable of producing vesications, and even eschars, upon
the skin ?

It will also be objected, that I did not experiment under the

same conditions, and that I should have caused the currents to pass

through nerves previously laid bare. But it is demonstrated, I

repeat, that I act with as much certainty through the skin, as

I could do upon nerves exposed and isolated. My method seems

to me to be even preferable to that employed by Matteuci and
his predecessors ; because the mutilation of a nerve, and its con-

tact with the atmosphere, must inevitably exert a certain influence

upon its vitality, or upon its excitability.

II.

—

The experimental researches of Eemak.

The facts and the electro-physiological considerations, that I

have stated above, were made the subject of a work that I pub-

lished in 1852. But, since then, Remak has experimented- anew
wpon the action of continuous constant currents upon the nerves

of healthy and of diseased men ;* and he claims to have discovered

electro-physiological facts, which to me do not appear to be

demonstrated, and which, if they were real, would possess neither

tlie weight nor the importance that he assigns to them.

We know that galvauic electricity possesses the property of

producing a muscular contraction at the completion, and at the

interruption of the circuit ; the former being stronger than the

latter. It has been stated that, during the interval between these

two periods, the continuous current j)roduces no contractions. I

have myself only observed the occurrence of fibrillar, oscillatory,

and irregular contraction in the muscles of a limb that was

traversed by a continuous current, powerful, and as constant as

possible. I have also found that a galvanic current, directed u^^on

the fifth nerve, produced an intense luminous sensation at the

completion of the circuit, and a similar but less intense sensation

at its interruption, and between these two periods, during the

passage of the continuous current, a luminous sensation that w^as

only appreciable in obscurity. (See Chap. I., p. 13.) When I have

applied the moist rheophores over the median nerve, one by the

inner border of the biceps, the other at the passage of the nerve

over the bend of the arm, I have observed—besides the acute and

* Remak, Galvanotherapie.
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progressive cutaneous pain at the seat of the rheophores, so acute

as to be almost unbearable, and besides the tingling and pricking

experienced in the whole course of the nerve, down to its final

ramifications in the fingers—similar oscillatory contractions in the

muscles that it supplies.

Eemak has gone further. He professes to have observed, in

experiments analogous to my own, and made upon the median

nerve of a healthy man, with a battery of thirty of Daniell's

couples, the contractions continue, sometimes in the muscles

subject to the median, sometimes, and commonly, in the muscles

subject to the radial nerve, the antagonist of the median. Galva-

nization of the radial nerve, practised by placing the rheophores

on two distant points of its course, produced, on the contrary, con-

tinued contraction of the muscles subject to the median nerve, the

antagonist of the radial. These continued contractions have been

called galvano-tonic by Eemak—thus named, he says, to dis-

tinguish them from the tonic, or tetanic, contractions produced by

induced currents, or by constant currents often interrupted. This

phenomenon, on wliich Remak has built a new physiological

theory (but, as I shall hereafter show, an imaginary one), forms

the fundamental basis of that which he calls his method of

galvanization.

I am sorry to have to declare that I have never been able to

produce these singular phenomena in the galvanic experiments

that I have made publicly upon human nerves in the course of my
clinical teaching. What can be the reason ? Is it that the acute

and increasing cutaneous pain, at the place of contact of the

rheophores, has produced involuntary movements of flexion and

extension of the fingers, as if the subjects sought instinctively

to escape from the suffering, and that these movements have

perhaps concealed the galvano-tonic contractions, if thoy indeed

occurred ? Or were they not produced, in my experiments, because

I have always avoided the contraction due to completion of the

circuit, as I have already said, or because my rheophores were too

near each other ? Eemak, indeed, applies one rheophore on the

hand, and the other at the bend of the elbow ; while, I, in general,

have held them only two or three centimetres apart.

Desiring to test these electro-physiological facts announced by

Eemak, and to appreciate the worth of the explanation given by

him, I have again many times galvanized the median nerve in the

manner described by him. I have, moreover, not pro(?uced the so-

called galvano-tonic contractions, even after having allowed the

current to pass through the nerve for more than a minute.

Although I included, according to his precept, the greatest

N 2
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possible length of nerve in the circuit, and although I employed a

powerful and very painful current, I must still declare, that I have

seen nothing but the involuntary movements of flexion or exten-

sion of the fingers or the hand, and sometimes flexion of the fore-

arm upon the arm, such as were produced in my former experi-

ments, and which are due to the intolerable pain that is sometimes

caused by the local action of the rheophores upon the skin.

Remak knows so well that these instinctive movements occur

during the experiment, that he has written, "It is, of a truth,

difficult for many persons to abstain from calling into play their

volition, and to leave the action exempt from the influence of

such innervation, engendered at the moment of entrance of the

current." *

I wished, like other persons present at my clinical lectures, and

who yielded themselves to the experiment, to nerve myself against

the pain, and to prevent involuntary movement ; but then we did

not witness, in the muscles subject to the antagonist of the excited

nerve, the so-called galvano-tonic contractions of Remak. On
one occasion only, in one of these experiments, we observed that

the contraction of the moment of completion was prolonged in the

muscles supplied by the excited median nerve ; but this phe-

nomenon is not so new to science as has been said.

" The production of galvano-tonic contractions," says Remak,
" is commonly promoted by the same circumstances which facili-

tate the contraction on completing the circuit,—that is, a sudden

and prompt application of the rheophores over the nerves." I

have observed, indeed, that the movements of the hand and of the

fingers, which take place at the moment when the circuit is com-

pleted, sometimes continue, but only for a very short time. (This

phenomenon had previously been observed by Ritter.) Under such

circumstances there is certainly a complication of phenomena

;

that is, the contraction due to the completion of the circuit, and

the contraction caused by the pain, or that which is produced,

according to Remak, by the passage of the current.

In order to avoid the contraction at the completion of the

circuit, I have caused the current to pass through a thick stratum

of liquid, in such a manner that the completion produced no

contraction ; then I have progressively increased the tension of the

current, until it attained its maximum ; and, if I prevented the

instinctive movements occasioned by the pain, I never perceived

any contractions excepting those fibrillar or oscillatory ones already

mentioned, and which are probably occasioned by those inequali-

* Bemak, Galvanotherapie, p. 56.
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ties of the current which are inevitably produced in even the most

constant of the batteries themselves.

It follows therefore from my own experiments (made for the most

part publicly), and from the foregoing considerations, that the

production by continuous currents of the so-called galvano-tonic

contractions has not at present been demonstrated.

Remak attributed these pretended galvano-tonic contractions,

which occurred during the passage of a continuous current through

a nerve-trunlv, in the muscles controlled by its antagonist, to a

reflex action of the cord; and he consequently thought that they

were produced by reflex excitation of a sensitive nerve.

I crave pardon from my readers for stating the theories and

hypotheses hazarded by Remak, in his wish to explain facts thus

complex and irregular. It is, however, upon such facts, and such

theories, that this physiologist has fancied that he has built up a

new method of therapeutic galvanization ! I shall have occasion to

return to the subject.

No one, indeed, will contest the novelty of his theories ; but in

what consists the novelty of his manner of exciting the human
muscles by a continuous current ? We have already seen in this

part (pages 176 and 177) that in my investigations long ago (and

many others had practised them before me) I had caused a con-

tinuous current, as constant as possible, derived from twenty or

twenty-five of Bunsen's elements, or from a Daniell's battery of

from thirty to fifty elements, to pass through the continuity of

human nerve. It is true that most commonly I placed my rheo-

phores over the course of the nerve-trunk somewhat nearer together

than was done by Remak. But does this slight difference in the

procedure constitute by itself a new galvano-therapeutic method ?

And then, who can believe that so slight a difference between the

procedure of Remak and my own could occasion such differences

in our results ?

§ III. My latest researches on the therapeutic actio7i of galvaniza-

tion hy interrujpted or hy continuous currents, in the treatment

ofjparahjtic or nervous affections, and as compared tvith localized

faradization.

I. HiSTOEICAL AND CRITICAL.

A.

—

3Iy first researches.—Considering the negative results of the

electro-physiological experiments that I had made upon the action

of direct or inverse continuous currents traversing the nerves of

man (see § II.), it may be imagined that I no longer attached any
weight to the electro-therapeutic deductions of Matteuci. In my
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first experiments on the therapeutic vahie of galvanization, 1

wished to obtain proof of the correctness of this estimate, by-

submitting cases of paralysis of movement to the influence of

the continuous current, directed in the manner that he recom-

mends.

In spite of the rigorous observation of the principles of muscular

galvanization that he laid down, I did not succeed in modifying

paralysis of movement more favourably than when I excited the

nerve-trunks in their continuity, without any heed to the direc-

tion of the currents.

It was also shown by my researches that the direct current is

entirely powerless against muscular or cutaneous anaesthesia
;
just

as, in the normal state, I had found that this current exercised no

appreciable special influence upon the sensibility.

The critical consideration that I have given to the influence of

the direction of the current upon the nerves of man, either in the

physiological, or in a pathological condition, were the more neces-

sary, since the doctrines of Matteuci and the physiologists in

general had been re-echoed, and had exerted a considerable

influence upon the practice of electrical treatment. Physicians,

and especially those among them who were given to scientific

research, had too long attaclied great importance, in the galvaniza-

tion of man, to the direction of the course of the current in the

nerves.

B.

—

Remah's method; HifeJsheinis method.—The therapeutic

employment of continuous currents had been generally abandoned

when, in 1858, Eemak endeavoured to rehabilitate it by creating

a method of galvanization of wliich the following are the funda-

mental principles :—1. To cause the passage through the nerves

or througli the muscles of currents that were commonly lahile and

sometimes stabile,^ during a period of time that did not usually

exceed fifteen minutes ; 2. to produce, according to him, the

reflex contractions that he denominated galvano-tonic.

Afterwards came the method of Hiifelsheim,'' by continuous

currents described as permanent ; meaning by that, that he caused

the passage of a stabile current through organs for a long time,

(from one to several hours).

Until the fundamental principles of these methods of galvaniza-

® A cm'rent is called stabile that is

furnished by a battery of equal tension,

and api^lied by rheophores each of which
is kept stationary upon the same point of

skin. A lahile current is one furnished
by the same battery, but api^lied by rheo-

phores one or both of which are moved

about upon the skin, without interruption

of the circuit. In the same way, the con-

tractions produced by the former method
are also called stabile, and those produced

by the latter method are called labile.

' Hift'elsheim, Des Applications me'di-

cales lie la pile de Vulta. Paris, 1861.
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tion are better defined, and more clearly formulated, it will be

difficult to judge of their actual value.

{a). After Eemak's method, the galvanic currents are applied

with a kind of intermissions closely approximated, as I will proceed

to show. In his experiments at La Charite, in 1860, every one saw

that, when the current was made to pass through the muscular

nerves, by placing the negative pole over the point of entrance

of the muscular branch, and the positive pole over a point nearer

to the spinal cord, he dwelt but a very short time (fifteen to thirty

seconds), over the muscle to be electrified, and soon drew one or

both of his rheophores over the surface, to fix them upon other

points. In this way he produced what have been called labile

contractions. But, as I have said above, these contractions are

produced by a kind of intermissions, and only differ by their less

intensity from those that are produced by actual intermissions.^

Such also is the opinion of M. Eosenthal.^ Nay more, these labile

contractions are produced by a veritable localized galvanization

by intermittent currents, which is shown elsewhere by phenomena

analysed by Kemak himself: "When the excitability is sufficient,"

he says, " or when it is artificially increased by tlie current, the

labile contractions are produced by changing the place of one or

both rheophores, without breaking the circuit, or interrupting the

contact of their moist coverings with the skin. The muscular

fibres that are touched by the rheojphore contract, u'hile those that the

rheo^hore leaves become relaxed. If the moving rheophore follows,

over the muscle, the course of a nerve, all the fibres supplied by

this nerve are called into action, when the sensibility is strong

;

those which are without the circuit in a much less degree, so that

the local action on the muscular fibres might appear to be

predominant." ^

Who is there that will not recognise, in all these phenomena,

those which are proper to localized galvanization ? Kemak himself

has said as much in the lines that I have quoted, without under-

standing their significance.

It appears, then, that each of the seances, which we all witnessed

at La Charite, was composed of a great number of weak (labile)

galvanic intermissions, and of a certain number of continuous

* Remak seems to me to have admitted
this iu the following passage :

—
" It is very

important," he writes, "in relation to

therapeutics, to be acquainted with the
labile contractions, which I was the first

to observe in man. These contractions

are produced in the muscular nerve or in

the muscles, without interruption of the

current, by simple oscillations of its

density ; according to the law laid down
by Dubois Eeymond, that a muscle re-

sponds by a contraction, not only to an
interruption, but also to an oscillation of

the current. (Loc. cit., p. 120.)
* Loc. cit., p. 121.
' Hiflfelsheim, loc. cit., p. 12.
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currents of short duration, applied in the intervals between the

labile contractions. This is what constitutes for Eemak, or is

called by him, galvanization by a continuous current. And it is

in this manner that his pupils, or his adepts, have applied this

method. The results obtained by such proceedings may as well

be ascribed to the interrupted and localized galvanic currents as to

the continuous currents. With regard to the so-called galvano-

tonic contractions, 1 shall shortly show that they have never

existed except in Remak's imagination.

(&). Other experimentalists had caused continuous currents to

pass through organs, or through paralysed limbs, in a permanent

manner. I had commenced some electro-therapeutic experiments

by this method of galvanization, with my friend Aran, but unfor-

tunately his premature death interrupted them.

The proceeding habitually employed for this purpose by Hiffels-

heim^ is sufficiently original to be here described. Two moist

sponges are kept fixed upon two points of the skin, such as to

rejjresent the extremities of an axis traversing the organs that it is

desired to influence. A small stem of platinum, at least the fifth

of a millimetre in diameter, is contained within each of the

sponges, and these stems are in communication with conducting

wires leading to a battery of sulphate of lead, composed of a large

number of elements of small surface, and of weak electrolytic

action. The wires are coiled in spirals, and are long enough to

allow the patient to change his place, or to walk a distance of

some metres, without deranging the passage of the permanent

continuous current.

The very prolonged application (for an hour or more), of a

continuous galvanic current, exposes the skin in contact with the

negative rheophore to changes more or less deep, of which I have

seen several examples from the practice of Hiffelsheim himself.^

It is therefore necessary to guard against the inconveniences

' Hiffelsheim, Joe. cit., p. 12.
j

been suffered to pass for twenty minutes
^ Case XV.— M. X., to whom I was ' or half an hour, or more, according to the

called in consultation with M. Baillaruer, advice given, the apjilication was renewed
on account of hallucinations that had each day, by the patient himself, for ten
tormented him for several years, and to or fifteen days, each day on a fresh por-

whom I had refused to apply continuous
,

tion of the forehead. Subsequently M.
currents for the purpose of removing

j

X. came to show me his forehead, adorned
them, was placed under Hiffelsheim, who by two rows of indelible cicatrices. In-
promised him a cure. Hiffelsheim kept ' stead of being cured, his hallucinations

the little sponges applied to each temple, ' had increased in frequency, and tempted
with a band that encircled the head,

i

him to suicide. He complained bitterly

These sponges communicated, as described, I of the treatment to which he had been
with a galvanic battery of nunxerous (sixty)

^

subjected. "Hiffelsheim supposed," said

sulphate of lead elements of small surface. I M. X. to me, "that by this method the
The permanent continuous current having current would pass through the brain."
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arising from the electrolytic action of the permanent continuous

current, and these inconveniences may in part be avoided.

C.

—

The selection among these different inethods.—Under what

circumstances should we have recourse to voltaic currents of more

or less rapid intermission (labile currents), or to permanent (pro-

longed) continuous currents? And in what dose, and for how long

a time, should the permanent continuous currents be applied ?

Aj)art from surgical, electrolytic, or galvano-caustic applications,

there is no rule on the subject that rests upon close or sufScient

clinical research. It is certainly not thus with localized faradiza-

tion, for which the various and clearly formulated methods have

their precise indications, drawn from prolonged experiment or

clinical observation.

For myself, who commenced my electro-therapeutic researches

by the application of voltaic currents, and have never ceased to

use them (a fact which certain persons do not know, or, rather,

have forgotten),—for myself, I say, who have always continued

to study the relative therapeutic worth of voltaic and induced

currents, I have not confounded, in my researches, more or less

intermittent voltaic currents, with voltaic currents circulating

through the organs in a permanent manner. 1 even went so far

when I applied the permanent (stabile) constant current, as to

avoid the excitation produced by the completion of the circuit, by

making the current pass through a column of water in a moderator

tube, and by gradually diminishing the thickness of the column

after the circuit was established. Neither have I neglected to

experiment, in the way so much lauded by Eemak, comparatively

with permanent constant currents. I will, shortly, give a summary
of the opinion I think may be formed of their therapeutic value,

from the researches that I have made since 1861 ; very insufficient

ones, I know, but of this I have made no concealment.

II. Apparatus and instruments required for this kind of

.RESEARCH. METHODS OP GALVANIZATION THAT I HAVE
FOLLOWED IN MY COMPARATIVE INVESTIGATIONS.

Before stating what deductions I have drawn from my experi-

ments, with regard to the therapeutic worth of galvanization as

compared with faradization, it is necessary to state what instru-

ments I have used in the application of galvanic currents.

I have stated in the first chapter, that, in my latest researches, I

had chiefly used a Daniell's battery, and a battery of bisulphate of

mercury, and that, since 1861, I had used a battery of sulphate

of lead, of from thirty to a hundred elements, the small surface

battery of M. Alph. Mathieu, and, quite recently, the portable
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chloride of silver battery of Gaifife. Having already described

these batteries, their action and comparative worth, it is not

necessary to return to them. It only remains to show the results

of an inquiry that I have made quite recently, by the help of

the voltameter, upon the comparative electrolytic action of the

sulphate of lead battery, Siemens' battery (known as Remak's),

and the portable battery of Gaiffe. I have found that the electro-

lytic action of the first is about one-third less strong than that of

the other two, (M. Gaiffe has endeavoured to give to his battery an

electrolytic action equal to that of Remak's).

It is also necessary to describe here some instruments that have

facilitated the use of the battery, and that are required for a

comparative study of galvanization by continuous currents and

faradization ; they will form the subject of the next paragraph.

A.

—

Division of the high-tension hattenj into several sections in

the intervals of the ajJjjlications.—Coupling of these sections.—Dis-

trihution of the currents of the different sections, either isolated

or reunited.—Reversal of the poles.

Galvanization sometimes requires the use of a battery of high

tension, and of great electro-motor power; that is, composed of

numerous elements. But it is well known that in all galvanic

batteries, during a slightly prolonged interruption of the circuit,

and especially when the battery is not often in use, certain interior

currents are produced, which increase in intensity in direct propor-

tion to the number of elements, and the reactions of which produce

rapid exhaustion of the battery. I was soon taught this by

experience, after having for some months used a Daniell's battery

of fifty pairs, to which I sometimes added another battery of

twenty pairs, that was chiefly used for my induction instruments

and electric clocks.

In order to exclude or to diminish this cause of rapid exhaustion

of my battery, I had it divided into ten separate parts, in each of

which the tension is too feeble to produce, during the interruption

of the circuit, any reactions of importance ; and I then constructed

a small apparatus (manipulator), which being placed in communi-

cation with each of the ten piles of ten elements, was able, 1. to

unite them all into a single battery ; 2. to distribute them at

pleasure in circuits composed of 10, 20, 30, 40, 50, 60, and so on

to 100 pairs, and consequently to graduate the electro-motor force

of the battery ; 3. to replace them in their original state of isola-

tion ^^hen the battery was not required in action. With the

manipulator I could also reverse the poles, during the galvaniza-

tion, without changing the place of the rheophores which com-
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pleted the circuit. These properties of the instrument justify

me in calling it the divider, collector, and distributor of the

battery. Finally, it is placed in my room, near other batteries

of very small surface, and near induction instruments, in such a

manner that they may all be applied successively and compara-

tively, vs^ithout loss of time. The following is the description :

—

Fig. 47.—Divider, collector, and distributor of the battery,

seen in profile.''

Figs. 48 and 49, handles of the divide

1. A circular platform of wood, A A, ten centimetres in diameter, supports
all the parts which form the mechanism of the apparatus. At the circumfer-

ence of this platform, pieces of copper are screwed into notches cut to receive

them. These pieces of copper are perforated in their longitudinal axes, and
are furnished with the binding screws 1, 1', 2, 2', 3, 3', 4, 4', 5, 5', 6, 6', 7, 7',

8, 8', by which to fix the conducting wires that communicate with the negative

poles N N, and with the positive poles P P, of the several sections, a, h, &c., of

the battery r. In this state each section of the battery is isolated.

2. The following is the mechanism by which the isolated sections (each one
of which is an independent battery of ten elements) can be coupled together,

so as to form a single battery of high tension, or of more or less great electro-

motor power. The support A A is groved on its posterior surface, to receive

'^ Coustructed, after my designs, Ijy A. Matthieu.
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a wooden disk that turns upon its axis ; and to this disk are attached trans-

verse brass springs, indicated by the dotted lines a', V, c', d', e',f', //', A'; the

fii'st transverse spring, a' , forms a communication between the knob that

receives the positive pole 1, and the knob 2', which is connected with the

negative pole ; and so on, throughout the remaining springs. The disk is

moved by the knob E ; and when this is pushed to E all the sections are

united. In other words, P, the terminal positive pole of the first section,

commrmicates with the initial negative pole of the second section, by passing

through r, «', 2', and «"; and so with the remaining sections. The sections

should only be thus combined during the application of the current.

8. If, during the repose of the pile, the knob E is returned to its original

place, the sections are again separated, the transverse metallic springs no

longer connecting the terminal positive pole of each section with the initial

negative pole of the next.

I. The apparatus serves, moreover, to distribute the currents of the battery

X, either in fractions or as a whole, and thus graduates the electro-motor

power. The distributors of the currents are the handles B, C, wliich conduct

them in the following manner to the knobs N, P, which receive the con-

ducting Avires of the rheophores. The handle C carries a copper spring, shown
in fig. 49, which can be placed in contact with any one of the pieces of copper

of the surface A A, and wliich communicates by its axis D, also of copper,

and with the knob P by the line D'. The handle B carries a double metallic

spring, N', G' ', one blade of which communicates with the metallic circle, G,

and the other with any one of the pieces of copper which receive conductors

from each section of the battery.

5. It often happens, in actual use of the battery, either for the therapeutic

application of continuous currents, or to work induction instruments, that

only a portion of the whole is required. If the same portion were always

employed, the battery would be exhausted in an unequal manner. By a

simple change of the handles, we may easily and quickly bring into alternate

tise the first, middle, or last third of the whole. If, for example, it were

wished to use only the last twelve elements, the handle B should be placed

over the knob 7 j>, and the handle C over the knob 8 i>.

The apparatus lastly becomes, when required, a commutator or reverser of

the poles. For this purpose it is only necessary to change the sides of the

handles, the rheophores resting undisturbed over the parts subjected to

the current. In all the movements of the handles, the contacts are so dis-

posed as to avoid intermissions of the current.

Graduation of galvanic currents.—The power to increase or

diminish at pleasure, and rapidly, without any interruption of the

circuit, by tens of elements at a time, the current from a large

battery, may be considered as a graduation of its electro-motor

force. This is obtained, as we have just seen, by the instrument

above described.

But it is often also required to diminish gradually, at pleasure,

the calorific and electrolytic action of the battery, the number

of elements remaining the same. For this purpose, I cause the

current to pass through a layer of liquid of greater or less thick-

ness contained in a glass tube that I have called a moderator, and

that will be fully described hereafter. The liquid, which should

be distilled water when the tube is used for the graduation of

an inductive, and more especially of an induced current, should be

replaced by water saturated with sea- salt when it is used to

graduate voltaic currents, the tension of which is feeble, as com-
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pared with that of the induced, even when the battery is composed
of a hirge number of elements.

By the aid of the voltameter, I have found that the electrolytic

action of the battery diminishes in proportion to the height of

the column of liquid that it has to traverse ; and I have also observed

that the sensation of burning is proportionately diminished, at the

points of contact of the rheophores with the skin.

The resistance opposed to the current by the liquid in the

moderator diminishes also the electro-motor power, but much
less than the electrolytic action. I have hence applied this

method of graduation of the pile to its electricity of quantity.

Intermittences, in localized muscular galvanization hj interrujjted

currents.—Intermittences of localized muscular galvanization by
interrupted currents may be obtained by raising, at longer or

shorter intervals, one or both of the moist rheophores from the

skin. This is the proceeding generally employed ; but I pre-

ferred to use the rheotomes which are ordinarily applied in

muscular faradization, and to which I shall return when describing

my induction instruments.

Wishing to study the comparative values of localized faradiza-

tion and of localized galvanization by interrupted currents, I was

bound to place myself, as ftir as possible, under identical condi-

tions with regard to both; that is to say, as far as the intermit-

tences were concerned, to produce them in localized muscular

galvanization without shifting the rheophores, and by means of

similar instruments.

(a). Pedal rheotome.—I habitually complete and break the cir-

cuit of the battery current with a pedal rheotome, which leaves

my hands at liberty to manage the rheophores. I have elsewhere

advised those, who, like myself, are in daily use of a battery

—

either to work induction coils or for the physiological or thera-

peutical application of interrupted or continuous currents—to

employ a pedal rheotome, in order to prevent the circuit from

being left complete for a long time, as' for an entire night, by any

forgetfulness or accident. Such accidents, which were formerly

of frequent occurrence with me, have not happened since I have

been obliged to place my foot on the rheotome in order to com-

plete the circuit.

(b). Wheel rheotomes.—I have also used rheotomes, which have

allowed me to practise localized galvanization with intermissions

nearly equal in speed to those of the trembler of an induction

instrument. These rheotomes are furnished with several wheels,

with teeth nearer or more distant, against which a spring im-

pinges in such a manner as to obtain from two or four intermis-
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sions up to an extreme rapidity. At the time of my first

researches, I had many rheotomes constructed which fulfilled these

conditions, and which were moved either by the hand or by
clockwork. These rheotomes are still in use for certain electro-

physiological or therapeutical applications. I use also habitually

the wheel rheotome, called the distributor of the entrance or

of the issue of the current, which is represented in fig. 40, and
described on page 123.

B.

—

Bistindion to he established hetween these different methods of
galvanization.—Having collected together, in my room and under

my hand, the various instruments which are required for all

methods or kinds of electrization, nothing has been more easy

than this kind of comparative research. It has been chiefly

carried out upon the patients of my clinique, patients suffering

from all kinds of paralysis, atrophic, traumatic, saturnine, rheu-

matic, spinal, infantile ; from various spasms and contractions,

from chorea, and locomotor ataxy.

It is necessary to say, first, that a good number of these disor-

ders will be improved or cured by electric excitations, of what-

ever kind they may be ; by galvanic currents more or less

intermittent, or continuous and permanent, or even by static

elc ctricity, as much as by induced currents. This fact will serve

to explain the admiration that every specialist has constantly

professed for the kind or mode of electrization that he has exclu-

sively used, without knowing, or without having emj)loyed, com-
paratively, the others.

I have, however, seen forms of paralysis, neuralgia, neurosis,

&c., requiring a favourable prognosis on account of the ease with

which they are habitually cured by induced currents, resist the

action of intermittent or continuous voltaic currents.

I will not confine myself to generalities ; but will say, in a few

words, what are the various modes of galvanization that I have

used in my electro-therapeutic researches, and what deductions I

have been able to form concerning them.

The distinctions that I have established between the different

modes seem to me to afford the basis of a good method of gal-

vanization. I divide muscular galvanization into—1. localized

galvanization, which is performed by moving moist rlieophores

connected with the battery over all the points of the surface

corresponding to the bulk of muscles, but at a distance from their

nerves or from nerve trunks, and of which the varieties and the

mode of physiological action have been already explained, both

for interrupted and for continuous currents ; and, 2. galvanization

by reflex action.
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We shall see the importance of this fundamental division, if we
recall the electro-physiological principles which distinguish direct

localized muscular electrization from muscular electrization by
reflex action, and wliicli have been already laid down. In the

former mode, indeed, all the anatomical elements of the organ

acted upon are excited peripherally, as also its local innervation,

or, in other words, its local circulation and its nutrition. In the

latter, points of the nervous centres are chiefly and irregularly

excited by the electrization of certain zones that stand in reflex

relation to them. Every one will understand that these prin-

ciples are perfectly applicable to localized muscular galvaniza-

tion, and to muscular galvanization by reflex action.

III.

—

Eesults of my investigations into the therapeutic
APPLICATION OF DIRECT LOCALIZED MUSCULAR GALVANIZATION
BY INTERMITTENT CURRENTS.

A.—Localized muscular galvanization is practised in exactly

the same manner as localized muscular faradization. The same
precepts that are set forth in Chapter II., and the same rheo-

phores, are applicable to it.

I must, nevertheless, recall the fact that, unlike localized faradi-

zation, intermittent galvanization cannot produce contraction of

muscle without at the same time exerting a calorific and electro-

lytic action upon the skin, and that the more energetically, the

longer the rheophores remain in contact with the same point of

the cutaneous surface. For this reason, I have been careful to

change the place of the rheophores after each intermittence, by
moving tliem over points corresponding to the masses of muscle

to be galvanized. By thus proceeding, the cutaneous excitation

is much diminshed.

B.—It is fitting to mention here the differential effects of the

intermittences of induction currents, which appear to render

difficult their study as compared with galvanization by interrupted

currents ; and I will explain how I have overcome this difficulty.

"We know that eacli intermission of the galvanic current produces

a muscular contraction, at the completion and at the interruption

of the circuit, but less strongly at the latter than at the former,

without changing the direction of the current ; and, on the other

hand, it will be remembered that the contrary occurs, for induc-

tion currents, at the completion and interruption of the circuit

;

the current going in an opposite direction, and producing an
essentially different electro-physiological action, as far as the

influence of the direction of currents is concerned. It seemed
therefore difficult, if not impossible, to compare the interrupted
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galvanic currents, the course of which is always centrifugal or

centripetal, with currents of induction which, with the usual

rheotomes or with tremblers, would always be alternating.

It was for the purpose of obtaining only the entrance or the

exit of the induced current, so as to cause the passage, at will, of

a centrifugal or centripetal current through organs, that I con-

structed the distributor rheotome which has already been de-

scribed (fig. 40, p. 123).

Faradization by centrifugal or centripetal currents, which I have

been able to practise by means of this rheotome, has permitted rae

to observe, in frogs and rabbits, phenomena analogous to those

which have been produced exjoerimentally, imder the influence of

the direction of galvanic currents ; but I must say that, in the

treatment of paralysis, it has not exhibited any appreciable dif-

ference, as regards its action upon motility, sensibility, or nutrition,

from faradization practised with ordinary rheotomes. I conclude,

therefore, that muscular faradization, either with or without alter-

nating currents, is perfectly comparable^ to muscular galvanization

with intermissions.

C.—I have already stated (Chap. I.) that, between the completion

and the interruption of a galvanic circuit, the current, which is

then continuous, produces fibrillar oscillatory contractions. This

is another character which distinguishes the intermissions of

the galvanic current from those of the induced current. There-

fore, when I have had to make a comparison between the thera-

peutic action of these and those, I have always taken the

precaution to diminish considerably, during the intermissions of

the galvanic current, the duration of the intermediate action

between its commencement and its cessation, even to the degree

of almost entirely abolishing this period. For this purpose I have

employed a rheophore, the teeth of which afforded only a small

surface of contact, such that each intermission was necessarily

very short, how slowly soever the toothed ^\ heel might be turned.

The whole of the precautions indicated having been taken, it

was possible for me to institute a comparison between the thera-

peutic action of intermittent localized galvanization and that of

localized muscular faradization, in the treatment of paralysis.

D.—The result was, under all the foregoing conditions, and

when the electro-motor power of the battery was sufficiently great,

that localized muscular galvanization afforded nearly the same

therapeutic results as faradization.

However, the benefits being equal, I have still preferred localized

muscular faradization, which, exerting the same therapeutic in-,

fiuence over local circulation and nutrition, has none of the incon-
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veniences of galvanism (electrolytic action, action upon the skin,

and too acute excitation of the retina), and offers the advantage of

acting sharpl-y, according to the indications that are to be fulfilled,

upon the muscular sensibility with the extra current, and upon
the cutaneous sensibility with the induced current, by virtue of

the properties special to each. If, besides these reasons, it is

considered that induction instruments are of small bulk, easy of

transport and of application, and inexpensive, it will be understood

why I have advised the use of muscular faradization in preference

to intermittent localized muscular galvanization, which requires

large batteries, only applicable, in general, in the rooms of

specialists.

IV.

—

Eesults of my investigations into the therapeutic
APPLICATION OF REFLEX GALVANIZATION BY CONTINUOUS CUR-

RENTS, MINGLED WITH FEEBLE INTERMITTENCES (labile Currents),

AS COMPARED WITH LOCALIZED FARADIZATION.

I will pass in review, as rapidly as possible, some of the prin-

cipal maladies, or muscular affections, in which I have studied

experimentally the therapeutic action of continuous currents by
Eemak's method, as compared with localized faradization ; re-

serving more complete details for the second part of the volume.

A.

—

Atrophie paralysis consecutive to traumatic lesions of nerves.

—More than twenty years of electro-therapeutic research, con-

ducted publicly upon a large scale, in the Paris hospitals and in

my own clinique, tested and confirmed by a great number of

observers in Europe and in America, have established, in an
incontestable manner, the therapeutic value of localized electriza-

tion by faradization, or by galvanization Avith interrupted currents,

and especially by the former, in the treatment of atrophic paralysis.

The facts and considerations already brought forward cannot have
left any doubt, upon this point, on the minds of my readers.

However, in presence of the claims of the promoters of Eemak's
method of galvanization, and especially after the assertions of

young philosophers who, I regret to have to say, interpreting in a

strange manner the results of their experiments on rats and rabbits,

have come before the Academie des Sciences, and other learned

bodies, to announce that induction currents paralyse innervation

(a statement which would lead us to suppose that the therapeutic

results had not happened), I wished to discover, in my clinique,

whether experiment would explain such an aberration, if not fully,

at least to some extent. For this purpose I have applied con-

tinuous currents, mixed with intermissions, exactly after the

method of Eemak, to the treatment of atrophic paralysis, con-

o
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secutive to traumatic lesions of nerves, in the cases that have come
before me.

The results of these experimental researches have been far from

fulfilling the pretensions of Remak and of his school. For im-

provement, in cases of any severity, I have had long to wait ; and

I have generally been unable to effect a complete cure except by

localized electrization,—that is, by exciting peripherally all parts

of the paralysed muscles (fibres, nerves, and vessels), by moving

over all points of the surface the rheophores of my induction

instrument.

It might be supposed, nevertheless, that the combination of the

two methods of electrization might sometimes produce a more

rapid cure, when the atrophic paralysis is symptomatic of a spinal

lesion ; because, by Remak's method, the reflex action stimulates

the spinal centre, at the same time that the motor and sensitive

nervous ramifications, and those that govern the local circulations,

are peripherally excited by localized electrization.

For several months I have tried the two methods in combination,

particularly in the spinal paralysis of infancy ; but I am not yet

able to pronounce upon their actual value. I am not accustomed

to form conclusions in so short a time, in my experimental re-

searches upon therapeutical questions.

B.

—

Lead-palsy.—It is especially with regard to lead-palsy that

the exclusive partizans of the continuous currents, have been most

unfortunate in their inconsiderate attacks upon the value of

localized faradization. I have certainly treated by this method
several hundred cases of all degrees, and more or less general in

extent; and I have known few which have not been quickly

cured.

With regard to the electric treatment of this form of jjaralysis,

Remak has had the unskilfulness to write :
" The kindness of

many of my friends has afforded me opportunities of treating a

certain number of patients, and has fully convinced me of the

insufficiency of the induced current in many morbid states, espe-

cially in rheumatic and saturnine paralysis, which, according to

M. Duchenne, ought to be cured by it."
^

To this attack I have already responded in the following manner .'

—" The facts which have been stated, and which, since their pub-

lication, now of old date (the fi^rst edition of ' Localized Electriza-

tion,' in 1855), have been supported by others too numerous to

be reckoned, and by a vast electro-therapeutic experimentation

repeated by numerous observers ; all these facts, incontestable and

' Remak, lor. c.it.
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publicly collected, enable us to appreciate correctly the strange

and contradictory assertion of Eemak.
" It is true tliat this experimentalist proposes to laud the thera-

peutic superiority of the continuous current, which, he says, cures

lead-palsy in a marvellous manner. At the time when I write

these lines, I have already tried this method of galvanization upon

some patients with this form of disease. Out of four patients, two

became tired of a painful treatment, which, after three weeks, had

produced no amendment. A third begged me to employ the

localized faradization, which he had seen applied with success to

many of his comrades. The fourth, who has not at present been

more fortunate than the other three, is willing to surrender himself

to the continuous current for another fifteen days.

" Certainly such a result does not enable me to sing the praises

of the continous current in the treatment of lead-palsy. Let us

hope, nevertheless, that new and more extended experiment may
rehabilitate the worth, so much vaunted by the German electrician,

of the continuous current as applied to the treatment of this

disorder." '^

1'he strange assertion of Kemak has been repeated by his adepts

;

and to refute it I have brought together a fresh series of cases,

chosen from amongst those of my clinique, in which saturnine

paralysis of various forms and severity has been cured by

localized faradization. I should add that, after having con-

tinued to test, in my room, the therapeutic value of galvanization

by Remak's method, as applied to the treatment of this form of

paralysis, I have again found it inferior to localized faradization.

C.

—

Electro-muscular contractility.—The muscles which, in certain

forms of paralysis, no longer contract under the influence of

localized faradization, may sometimes still be thrown into con-

traction by the intermissions of a voltaic current, when these

muscles or their nerves have been traversed, for one or two

minutes, by a continuous current.

This phenomenon, which, for the first time, was described by

Eemak '^ in pathological conditions, had been previously experi-

mentally discovered in animals, by R. Heidenhain,^ who observed

that on submitting a muscle to the shocks of induction, or on

tiring it by stretching, or on plunging it into hot water (28° to 30°

Cent.), it lost its excitability ; and that this property (the faculty of

contracting under the influence of electric excitation) was restored

to it by the continuous current of a Daniell's battery of 25 or 30

•^ DucheDne, Electrisation localisee, 2"

edition, p. 328.
' Eemak, lor. cit.

* Heidenhain, Physiologische Studien.

Berlin, 1856, pp. 55-127.

O 2
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elements, in a manner more evident in employing the ascending

than the descending current.

I have tried, a very large number of times, to produce this

electro-muscular phenomenon, in traumatic paralysis of nerves, in

saturnine paralysis, and in the spinal paralysis of infancy, but I

have only seldom succeeded.

I should here point out the following source of error. When
the contractility is considerably weakened, a time comes when the

muscle no longer contracts un !er the influence of the rapid inter-

missions of induction currents, while it still responds, in a very

appreciable manner, to the more distant intermissions (from one

to two seconds) of the same induction current. But, a great

number of induction instruments giving none but rapid inter-

missions, it has happened that on applying them to the investiga-

tion of electro-muscular contractility this has been supposed to be

abolished, while it would still have been called fortli by the slow

intermittences of an induction current, and even of a galvanic

current. It has been by proceeding in this way, there can be no

doubt, that experimentalists have been deceived by appearances,

and have been brought to believe in the frequency of the electro-

pathological phenomenon now under consideration.

However this may be, I repeat that I have sometimes found

cases of paralysis in which the muscles no longer responded to the

distant intermissions of an induced current, but in which they

contracted more or less under the influence of the distant inter-

missions of a strong voltaic current, after having been traversed,

during from sixty to eighty seconds, by a constant continuous

current.

From this special action of voltaic currents upon muscular

irritability, their exclusive partisans have argued to their greater

therapeutic power in tlie treatment of paralysis. My own expe-

rience shows that these pretensions are unfounded. I have even

seen a case of lead-palsy (for it is chiefly upon this form of disease

that I have made such experiments) in which the paralysed

muscles only contracted to the intermittences of a voltaic current,

but in which they gained only a little under the influence of a

sufficiently prolonged treatment by continuous labile and stabile

currents, and were then completely cured by localized faradization

alone. Nay, more, in the great majority of cases the lead-palsies

in which the muscles no longer contract either to faradization or

to intermittent voltaic currents, are none the less cured by the

former metliod of electrization.

It is of little consequence, indeed, that one kind of electricity

acts more energetically than another upon the excitability or
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irritability of muscle, when it is la: own, as I have demonstrated,

that in paralysis the voluntary movements may be re-established

by localized faradization, although the paralysis of electro-musculai

contractility remain. It is this strange phenomenon that is

expressed in the title of a memoir that I addressed to the Institut

in 1846,—"The integrity of the electro-muscular contractility

is not essential to the performance of voluntary movements."

D.

—

Paralytic contractions.—It is especially in the treatment, by

the continuous current, of the secondary contractions observed in

cases of hemiplegia consecutive to cerebral haemorrhage, that

Remak has made application of his theoretical ideas about the

electro-physiological phenomenon which he has called galvano-

tonic reflex contraction ; theoretical ideas which rest upon the

experiments already described and criticised.

(a). He has thought to discover a more complete demonstration

in the influence of continuous constant currents, during their

passage through certain nerve-trunks, upon paralytic contractions.

The following is a summary of an example that he cites as a

typical case, showing the reality of this special action of the

continuous current.

Case XTTT. A woman, aged 35 years, was attacked by hemiplegic contrac-

tion of the rigM side consecutive to a cerebral lieemorrbage of eighteen

months' standing (she was aphasic). Remak passed the continuous current
of from 20 to 30 of Daniell's elements through the right crural nerve, and he
saw, after 30 or 40 seconds, the segments of the iipper limb and the lingers

of the hand of that side which had been strongly flexed, extend themselves
completely, while analogous effects were produced in the lower limb, by
treating the median nerve in the same manner.

I have many times repeated this experiment of Eemak's, undei

analogous conditions, up'.m the patients of my clinique, and I have

very rarely witnessed the production of these so-called galvano-

tonic reflex contractions, which, according to him, should be the

essential sign of the therapeutic action of the continuous current.

The following are the experiments that I made [jublicly at the

time.

Case XIV.—During several weeks I subjected to these experiments, or

rather to treatment by the continuous current after the method extolled by
Remak, six patients of my clinique, who were suffering from secondary para-

lytic contractions, consecutive to cerebral haemorrhage; four of them had
hemiplegia of the right side, and were aphasic ; the other two had hemiplegia
of the left side, and their intelligence was unaffected. The paralytic contrac-

tions were of from one to two years' duration. In all, I caused the i^assage, in

the median and crural nerves of the paralyzed side, of a descending (centri-

fugal) current, in a permanent manner in each nerve during one or two
minutes; each smnce for each of them lasting from five to ten minutes, with
a current of from fifty to a hundred elements of my siilphate of lead battery,

and of a tension accommodated to the degree of individual tolerance (for it

must not be forgotten that this kind of galvanizatiol^ is painful). In one of
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the patients 1 several tinier produced reflex contractions in the paralysed lower

limbs, lohile causing the passage of a strong continuous current, now through the

median noio through the crural nerve. The leg iixis extended upon the thigh, the

fore-arm upon the arm, and at the same time the hand was opemd. The patient

(a woman 30 years of age) pointed out to me that the same thing happened
nearly always when she ya^^Tied or experienced any emotion, especially npon
awaking in the morning. In none of the other patients could I produce
reflex contractions, whatever might be the intensity of the continuous cur-

rent or of its passage through the nerve. I remarked nothing but contrac-

tion of the muscles governed by the nerve excited. The patients, however,
told me that their flexed and contracted limbs often became extended, and
that their hands would open when they yawned or sneezed, or under the
influence of any movement made with effort.

Let us admit that the reflex contractions described by Kemak
commonly occur under the influence of continuous currents

traversing the nerve-trunks, and let us inquire their significance

and their value.

Remak sees in these phenomena the proof of the electro-physio-

logical fact that he believes himself to have discovered,—the

galvano-tonic contraction produced by the continuous constant

current, and which he has made one of the fundamental bases

of his method of galvanization. Thus, in his experiments (see

Case XIII.) the excitation of sensitive fibres, produced by the

continuous current in the crural or sciatic nerve, should have

reached the spinal origin of these sensitive fibres in the lumbar

regions ; and then, passing along the whole length of the spinal

cord to the origin of the brachial plexus of the same side, the

current has exerted an elective action upon the motor fibres,

which produce extension of the different segments of the upper

limb, and principally upon the radial nerve.

For the clinical practitioner this experiment will not have the

signification that has been given to it by Iiemak. Who, indeed, does

not know that in the secondary contractions that supervene upon
hemiplegia symptomatic of cerebral haemorrhage, the side of tlie

spinal cord, which supplies nerves to the paralyzed muscles, acquires

an extreme excitability, and that the slightest impression from an

external or peripheral cause may produce spasmodic contractions

precisely like those which Remak considers as reflex contractions,

specially produced by the influence of continuous currents upon
certain sensitive nervous zones? Who has not seen in the hemi-

plegic paralytic contractions, the fingers, the hand, and the fore-

arm, which remain in continuous flexion, sometimes extend them-

selves completely during yawning, sneezing, or under the influence

of any impression or emotion whatever (see Case XIV.).

Sometimes the same phenomenon is produced during a voluntary

movement of the lower limb; thus, I have then seen in hemi-

plegics, with contracted upper limbs, sometimes the hand open
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and the arm extend itself, or sometimes, on the contrary, the

sj)asm show itself in the flexors. I have sometimes even seen

localized faradization, in these conditions, whether it was cutaneous

or muscular, produce analogous spasms if it were practised pain-

fully.

In fine, it follows from the facts set forth above : 1. that, in the

morbid conditions under discussion, the power to produce reflex

spasm in the antagonists of the contracted muscles, and often

even in the latter themselves, is ajpropertij common to inost excitants,

(an acute and sudden excitation of the skin, an emotion, a yawn,

a sneeze, and lastly the excitation produced by the passage of a

continuous current through a nerve-trunk, especially if the

operation is painful) ; 2. consequently, that to call these reflex

galvano-tonic contractions has no foundation in reason.

(h). Is there, then, any occasion to seek a way so circuitous, so

imaginary, in order to explain the therapeutic action of reflex and
continuous galvanization of nerve-trunks, in the treatment of

contractions? The paralyzing or hyposthenizing action of de-

scending continuous currents upon nerve-trunks, discovered by
Eckhart,^ would afford a better reason for their effect against

contractions. It was this paralyzing projDerty of the continuous

descending currents which originally suggested to Remak the first

idea of their application in pathological conditions. The idea was
rational and happy, but it has been wholly spoilt by his imagina-

tion.

With regard to the therapeutic influence of the continuous

currents against the paralytic state which accompanies the con-

tractions, it may be explained by the reflex excitation of the

nervous centres that is produced by this kind of galvanization.

(c). The therapeutic theory of this method of galvanization

would here be of little consequence, if it really cured the paralytic

contractions consecutive to cerebral haemorrhage. Is it true, is it

possible, that it does cure them ? Into this it has been necessary

for me to examine, and I have made it the subject of experimental

research.

Every one knows, or in the present day should know, after the

admirable researches of MM. Charcot and Bouchard,^ that these

contractions are symptomatic of the inflammatory state of the

secondary sclerosis of certain nervous bundles which, when
the optic thalami or corpora striata are the seats of haemorrhage,

" Eckhart, Beltrdge zur Anatomie und ' cord (^Archives g^n€rales de Medecine,
Physiologie. Giessen, 1855.

j
1866 et 1867), was the first to consider

* I should say here that M. C. 11. ' the iserniaBeiit contractious consecutive
Bouchard, in his excellent memoir upon to cerebral haemorrhage as symptomatic
the secondary degenerations of the spinal of secondary sclerosis of the cord.
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is propagated to the lateral columns of tlie opposite side, and

which begins from the tenth to the fifteenth day. Surely no one

would pretend to cure such an anatomical lesion, especially when

it had existed six months or a year. If Eemak had lived, he

would probably regret to-day the therapeutic announcement tlmt

he formulated in a manner so absolute, and of which he made so

much.

I shall, therefore, surprise no one by saying that, in tne appli-

cations I have made of continuous currents, to the treatment of

the paralytic contractions of cerebral hemiplegia, I have in general

obtained no appreciable result. I should add that, in certain

conditions that will be specified when I speak of cerebral paralysis,

this method of galvanization is not free from danger, and that

hence it is necessary to be very circumspect in its employment.

I make one reservation to my statement that, in general, I liave

obtained nothing by Kemak's method,—viz, in some cases I

have observed, after the application of his mode of galvanization,

a diminution of the contractions and an improvement in the moti-

lity ; but to this I must add, that I have sometimes obtained the

same by faradization of the antagonists of the contracted muscles.

How are such results to be explained ? I also might advance my
theory ; but I declare, beforehand, that I attach little importance

to it.

Whatever it may be, the general conclusion to be drawn, as

regards therapeutics, is that the two methods may or ought to be

employed concurrently or alternately in the treatment of paralytic

contractions arising from a cerebral cause. Such, at present at

least, is what I practise habitually.

I have tried, during several months, tlie hyposthenizing action

of continuous currents upon the nerve-trunks, in cases of cerebro-

spinal or chronic-spinal meningitis. I am not at present in a

position to express an opinion upon the therapeutic value, having

i-eceived but two cases. In these, however, I have not obtained

any appreciable modification.

E.

—

Functioned spasms {Scrivener's palsy, &c.).—Neuralgic contrac-

tions called 'rheumatic.—Reflex ascending contractions from arti-

cular injuries.— Chorea.

(a). Functional spasms.—When I come to treat of functional

spasm, in tlie second Part, I shall have to say that localized fara-

dization has appeared to me to be most frequently powerless against

this nervous affection. It will, therefore, be understood that I

have not neglected the application of those continuous currents

which Reniak; and some of his a lepts, say that they have applied
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successfully against writer's spasm. I have frequently had occasion

to see this local affestion among my patients ; and it is not a

single case only that I have treated by the method so much
extolled by him. I regret having to say that I have yet to

wait for a cure. I have not seen even one success obtained by
those who have praised the treatment : on the contrary, the

majority of the cases that during several years have presented

themselves for consultation have been treated without benefit by
the continuous currents, and the number is now large. I will

mention, as an example, a very remarkable case that was sent to

me by Professor Germain See, in 18G9, upon which M. Onimus
had applied continuous currents for about a month without any
appreciable result. (The patient still presented the marks of the

electrolytic action of the rheophores.) It is useless to add that

the faradization tried by myself failed like tlie continuous current.

I nevertheless advise its application in the treatment of writer's

cramp, and shall myself continue its employment in this affection,

since conscientious observers declare that they have obtained from
it good results.

(&).

—

Indolent tic.—I have applied the continuous current to three

cases of indolent tic of the face, one of whicli was recent (of about

a month's standing), and limited to certain muscles (the zygoma-
ticus minor, levator labii superioris alseque nasi, and orbicularis

palpebrarum). In this case the contraction gradually diminished

after the third seance, and was cured in about twelve seances.

Several months after the treatment, I was told that the tic had not

reappeared, but I have had no later intelligence. The two other

cases appeared to me to be rendered worse by the same treatment.

Localized faradization, which I have applied sufficiently often in

indolent tic, has sometimes produced a temporary amelioration,

but not a single cure. Hence continuous currents appear to me to

merit the preference in the treatment of this disorder,

(c).

—

Rheumatic contractions.—The local or partial contractions

produced by currents of cold air (rheumatic), or without known
cause (nervous), the cases of torticollis from contraction of the

sterno-mastoid, the splenius, the clavicular portion of the trapezius,

or of some deeper muscle, such as the rhomboideus, are in general

cured by faradization, with rapid intermissions, of the antagonists

of the contracted muscles.

I have endeavoured to ascertain, experimentally, whether the

hyposthenisiug influence of continuous currents upon the contracted

muscles would be preferable to faradization of the antagonists.

The continuous currents have, in general, produced only an

improvement ; and I have nearly always been compelled to have
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recourse to faradization of the antagonists, in order to obtain a

complete cure.

(^(Ij^
—Ascending reflex contraction from articular injuries.—The

reflex ascending contraction, in which I have comparatively studied

the therapeutic action of the continuous current, and of localized

faradization, has not at present, to my knowledge at least, been

described or mentioned by authors. This kind of contraction

o-enerallv follows after violence exerted upon certain articulations,

principally upon the articulation of the wrist, in falls upon the

back or the palm of the hand, violence which produces an arthritis

more or less intense, or a simple articular pain of short duration.

The contraction which sometimes appears a little while after the

joint has ceased to be painful, and when it appears to be entirely

cured, has its seat in a larger or smaller number of the motor mus-

cles of the joint affected ; and at length may extend to the motor

muscles of other joints on the same side of the limb. The pain,

limited at first to the contracted muscles, is moderate; but it after-

wards attacks the other muscles, although always remaining most

acute in those which were originally affected ; and at length it

attacks the nerve-trunks which supply the muscles, and, finally,

their origin in the brachial plexus. Often, even when the contrac-

tions have disappeared, the patients are still (sometimes even for

year$) sufferers from continual pains towards the origin of the

nerves of the affected limb, pains M'hich seem to be symptomatic

of a morbid condition of the spinal cord. Lastly, the strength and

sensibility of the limb in which the contractions are seated, are

generally found to be diminished.

I have cured many of these reflex ascending contractions by

faradization practised in a painful manner (with the extra current,

and with rapid intermissions). 1 shall here relate a single case

that was remarkable for the reason that, being of a certain severity,

it was for more than a year rebellious to various kinds of treat-

ment, and even to a long application of constant currents, accord-

ing to the method ofEemak, the direction of which were centrifugal

during the first two thirds of the treatment, and centripetal during

the remaining third, and that it was nevertheless cured in a few

seances by the faradization, in strong dose and with rapid intermis-

sions, of the antagonists of the contracted muscles. I give the case

as a typical one, or rather as a picture of this kind of contraction.

Case XV.

—

Summary. Keflex contraction of a large member of the motor

muscles of the right upper extremity, existing for two years, consecutive to an

arthritis of the wrist of that side, produced ly a fall upon the. lack of the hand,

rebellious to varied medical treatment, and to the application during thirty

seances of constant continuous currents {according to EemaVs method,), eventually

cured in afew sednccs by energetic faradizcUion tvith rapid intermissions of the
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antagonists of the contvaded muscles. Continuance of spinal pains in the cervico-

dorsal region.

Mademoiselle X * * *, of Saint Brieux, sixteen years of age, born of

healthy parents, of a good constitution, had menstruated regularly since

twelve years of age, and had never suffered from serioias illness or from
hysterical troubles.

When eleven years old (in 18G1), she fell upon the back of her right hand,
and afterwards complained of pain in the radio-carpal articulation, with
swelling and weakness of its movements ; she was compelled to keep the arm
in a sling for two months, after which there remained only a little weakness.
When she wrote, this weakness rapidly increased, and pains were felt in the
wrist, returning at regular intervals, and continuing for one or two hours.

Towards the age of thirteen years and a half, after having danced one
evening with much animation, the pain in the right wrist, which had been
IDuUed a little roughly, returned with such intensity that all use of the hand
became impossible. There was neither redness nor swelling to be seen. The
pain continuing, Jobert do Lamballe, who was consulted two months after-

wards, advised the ajiplication of flying blisters to the painful part, which
produced no result. In December, 1864, the pain still continued ; although
limited to the wrist, it forbade all movement or use of the hand, and occa-
sioned loss of rest. At this i>eriod M. Nelaton was consulted, and he applied
an immovable compressive apparatus, which was renewed every ten days,
and frictions of tincture of iodine.

This apparatus was employed for four months, but without result ; the pain,

on the contrary, became more severe, and after two months a contraction

appeared in the radial and pronator muscles of the injured side. During the
year 186-5, by the advice of Dr. Regnault of Eennes, recourse was had in

succession to six flying blisters, to sea-bathing, to the api^lication of hot sand,
to aromatic baths, and, finally, to superficial caiiterization over the affected

muscles, and all without modifying the pain or the contraction.

In 1866, Mademoiselle x * * * returned to M. Nelaton, who sent her to

me. I then found the following condition : permanent flexion of the hand
upon the forearm, with pronation ; the patient being unable to extend the
wrist or to supinate the hand. With some effort, however, I was able to

restore the position of the limb, producing cries of pain from the patient

;

and, when left alone, it returned to its former position. The use of the hand
was lost ; there was perfect movement of shoulder and elbow ; the limbs had
preserved their natural size ; the general health was satisfactory ; the appe-
tite was good ; there was no lesion of the circulation, and no appearance of
ansemia. I advised at that time the aj^plication of continuous currents, and
a ferruginoiis treatment. The first part was postponed on account of an
epidemic of cholera that then prevailed in Paris. Mademoiselle x * * * had
scarcely returned to her home when the contraction extended to other
muscles : the flexors of the fingers kept the hand constantly shut, so that the
nails penetrated the skin ; deep pains were felt towards the origin of

the brachial plexus, and descending to the dorsal region ; then fever super-
vened, with insomnia. Cupping was practised tlu'ee or four times over the
painful part, then flying blisters were applied to the same region, but without
any improvement.
On her return to Paris, April 18th, 1866, Mademoiselle X * * * came to me

again. I found, in the right upper extremity, contractions of the superficial

and deep flexors of the fingers, of the biceps brachialis, and of most of the
muscles which move the arm upon the shoulder. These contractions called

forth pains in the whole Umb, and in the cervico-dorsal portion of the spine,

pams which were increased when an attempt was made to overcome the
contractions. The continuous flexion buried the nails in the palm of the.

liand, which was inflamed, and threatened to ulcerate ; there was the greatest

difficulty in extending the fingers. The thumb, strongly compressed between
tlie four fingers and the palm of the hand, was as if atroi^hied by this

compression, and was more difficult to extend than the fingers ; the size of
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the contracted limb was preserved. The sleep was interrupted, moreover, by
the spinal pain in the dorsal region ; there had neither been headache, nor

fever, the menstruation was regular, and the appetite and general health

were good.

Galvanic treatment, by continuous and reflex currents, was commenced
immediately. I employed a pile composed of bO suliihate of lead elements, so

graduated as at first to give only a force of 10, 20, or 30 elements, according

to the maximum of tolerance, which was different on different points on
which the rheophores were placed. Sometimes the negative rheophore was
placed over the course of the median nerve, at the lower part of the forearm,

and the positive at the bend or the middle part of the arm, over the course

of the same nerve ; sometimes the contracted hand was immersed in water

that was in communication with the negative pole ; while the positive pole

was placed either at the origin of the cervical and dorsal nerves, or over the

brachial plexus, or over the course of the nerves that proceed from it.

After about ten seanres, the patient was able a little to correct the position

of the wrist during the passage of the current ; but this power ceased with

the operation. From this time the hand progressively opened, and remained

open at fii'st for some minutes, and, after further applications, for some
houi-s after each galvanization. Then the patient was able to open and
shut the hand a Uttle at will; but a few days later menstruation set in,

and the contraction of the flexors of the fingers became as complete as

before.

After a repose of six days, the application of the continuous ciu-rent was
renewed as before ; and, at the end of three seances, the contraction of the

flexors of the fingers and thumb had disappeared. But the spasms continued

in the other muscles, and increased in the biceps, and even in the radial

muscles, until, although Mademoiselle x * * * could open and shut the hand
freely enough, it remained in a state of supination and forced extension,

which rendered it useless.

The continuous current, employed for twelve days longer in an ascending

direction, produced no improvement in the state of these conti'actions.

I then determined, before abandoning electric treatment, to try localized

faradization with rapid intermissions. I applied it very energetically to the

antagonists of the contracted muscles, to the pronator teres, the triceps

braciiialis, the interossei, and to the extensors of the fingers. To my great

sui'prise, in the course of a few minutes all the contractions had completely

disappeared. The result obtained so rapidly was maintained, and half an

hour after. Mademoiselle x * * * coul'd write, and, in my presence even

played scales upon the piano, which she had been unable to do for more than

two years. The localized faradization was continued for twelve days longer,

in order to confirm the cure, and to increase the strength and sensibility of

the hand. After twelve seances, the force of the flexors of the fingers wliich,

measured by my dynamometer, at first scarcely equalled four kilogrammes,

had mounted to eighteen.

Eeturned to her home. Mademoiselle x * * * preserved the full use of the

right hand and arm until December 1866, but with the first access of severe

cold her forearm was rendered supine by contraction of the supinator brevis

:

the hand preserving full bberty in all its movements. The pain, which had

extended from the last cervical vertebra to the middle of the dorsal region,

returned more acutely. BHsters, di-essed with morphia, dry cupping, and

opium internally, were used without success.

On the 29th of September, 1867, Mademoiselle x * * * was brought to me
in this condition. In a few seances 1 again mastered the contraction of the

supinator brevis, by energetic faradization of the antagonists with rapid inter-

missions. 1 was afterwards able notably to diminish the spinal pains by

electro-cutaneous excitation over their seat. Since then, the contractions

have not reappeared ; but, some weeks after, the spinal pains returned, more

acutely than ever, with exacerbations during the night ; and they still con-

tinued in 1869, notwithstanding all the medication that was employed.
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1 purpose to return, in the second Part, to the pathological ques-

tions that underlie the foregoing record ; and I confine myself for

the present to remark on the evidence that it affords towards a

therapeutic conclusion with regard to the respective usefulness of

continuous currents and of localized faradization.

Although I have generally obtained a cure of rheumatic contrac-

tions by energetic faradization, with rapid intermissions, of the

antagonist muscles, it has been seen that, in the foregoing case of

reflex ascending contraction from articular injury, I gave the

preference to reflex galvanization by a continuous current. This

seemed to me to be the more rational course. It was manifest

that the contractions had been caused by the articular irritation

consequent upon the fall on the wrist, and hence that they were

reflex. Believing that they were symptomatic of a hypersemic

condition of a point in the cervical region of the cord, correspond-

ing to the origin of the brachial plexus, the application to the

upper limb of that reflex galvanization by a descending continuous

current, that is considered to be an hyposthenisant, seemed to be

entirely indicated, and to offer, in a rebellious case already of some
duration, a better prospect of success than localized faradization of

the antagonists of tlie contracted muscles. It has been seen also

that I was deceived in my hope ; that the treatment, applied for a

long time, and in accordance with the rules laid down, showed

itself to be powerless against this kind of contraction ; that before

abandoning electricity I wished to try, although success appeared

improbable, faradization of the antagonist muscles ; and tliat then,

to my great surprise, I obtained a cure of the contraction M-ith

great rapidity.

The action of tliis mode of faradization of the antagonist

muscles was so heroic that, notwithstanding the persistence of

spinal pciins, it rapidly conquered for the second time the contrac-

tion of the supinator brevis, which had returned and had continued

for several months.

I shall show hereafter that the spinal pains were symptomatic

of a secondary morbid condition of the spinal cord (sclerosis)

which still existed in November, 1869, and which is the ordinary

termination of a reflex ascending contraction from articular injury
;

and that their long persistence gives to the case a certain degree

of gravity.

(e). Chorea.

Case XVI.—I have submitted to the action of the contimious currents,

of from 30 to 50 elements of my sulphate of lead battery, two cases of

chorea, in yoiing subjects aged respectively fourteen aucl sixteen years ; the

current traversing the affected limbs and the vertebral column, in a direction
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sometimes ascending and sometimes descending, and each seance having lasted

from ten to fifteen minutes. In one of these cases, both the upper and one of

tlie lower limbs were affected by the partial mnscular contractions. The
patient was cured in fifteen applications ; a progressive improvement having
been obtained after the first few. The other case, in which the muscular
spasms were less general, but of more than a year's duration, derived no
benefit from the continuous current, which was applied in the same manner.

These two cases afford confirmation of what had been already-

established by others (Kemak, Hiffelsheim, Benedikt,) that chorea

may sometimes, but not always, be cured by the continuous

current.

I should remark that localized faradization, especially by reflex

action, may also count its cures of chorea. I have myself obtained

them, although I have only treated a very small number of cases.

Some have even been cured by static electricity.

Since chorea may thus be cured by all kinds of electrization, it

behoves us to seek in the future what proceeding or method,

whether faradization or galvanization, deserves the preference in

its treatment.

M. Onimus says that^ in the treatment of chorea, " induction

currents are rejected hy all jihysicians tvho are engaged in electro-

tJierapeuticsj" and then he describes a treatment by coniinuous

currents, which, he says, " has always succeeded with him in this affec-

tion^ and which consists in causing the passage of an ascending con-

tinuous current through the limhs or through the ve^'tebral column

during from thirty to fifty minutes.''^

What I have already said about the therapeutic influence of

induction currents, especially when applied by reflex action, in the

treatment of chorea, proves that this writer is deceived when he

states that they are abandoned by all who practise electro-

therapeutics.

I cannot believe that he thinks that the method proposed by

him, of galvanization by an ascending continuous current, would

always succeed in the treatment of chorea, for he has only applied

it in a few cases. Moreover, every experienced practitioner knows

that, in order to judge of a therapeutic question, we require

numerous facts, and the test of time.

Is it thoroughly demonstrated, as M. Onimus affirms, that the

continuous ascending current has an advantage over the descend-

ing for the cure of chorea. It seemed to me that an experimental

counter-proof was necessary. I proceeded to apply it, and the

result is shown in the following case, which is given only in

outline.

- Onimus, De Vaction des rouranfs continvi< dans le traitement de la choree {Gaz. des

Hop., IS Sept., 18G9).
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Cafe XVII.—On the day on which tlie discovery of tliis cnrions thera-

peutic property of the ascending ciirrent was announced by M. Onimns in the
Gazette des Ilopitaux, an oi^portunity for the required counter-proof was
afforded me by the case of a young lad, who had been sxiffering from chorea
five months. I caused tiie passage of a descending current from 30 elements
of my sulphate of lead battery, during five or six minutes, through eacla of the

limbs agitated by choreic contractions. The hands were placed alternately

in a basin of water in relation with the negative pole ; and the rheophore of

the positive pole was placed on a point corresponding to the origin of the
brachial plexiis. After the second application, the agitation of the upper
limbs had notably diminished. I then passed a descending current through
the lower limbs and (following the direction of the spinal cord) through the
trunk, which was the seat of some isolated convulsive contractions. From
that time the improvement was progressive, and after fourteen applications

the young patient was cured.

It is possible, and even probable, that a greater or less number
of cures of chorea, obtained by other observers, have also been by
the agency of the descending continuous current. But the case I

have recorded, even if it were solitary, proves, contrary to the

assertion of M. Oniuius, that the descending continuous current

possesses, like the ascending current, the power to cure chorea.

Is this therapeutic action of the descending equal to that of the

ascending current ? I reserve this question for future inquiry.

(F).

—

Progressive muscular afroj^hi/. Sclerosis.—Do the continuous

currents, by reflex action, exert upon the nervous centres a more
favourable influence than localized induction currents, in modifying

the conditions of local circulation or nutrition ; for example, in

progressive muscular atrophy, or in sclerosis of tlie cord. The
affirmative is maintained by Remak, and by the exclusive par-

tisans of continuous currents.

I shall show, in the second Part, that localized faradization is

one of the best means of immediately encountering the disorders

that are symptomatic of the maladies in question. Thus, for

example : 1. in progressive muscular atrophy, muscular faradiza-

tion will sometimes arrest the progress of the wasting, and will

even develop the muscles that are on the way to destruction

;

2, in glosso-labio-laryngeal paralysis it improves for a time the

articulation of words and the deglutition; 3. in locomotor ataxy,

electro-cutaneous faradization often cures local anesthesia, and
consequently much diminishes the functional disorders that it

occasions when seated in the extremities ; it sometimes causes the

disappearance of fixed cutaneous hypertesthesia ; faradization of

the eye may arrest atrophy of the papilla of the optic nerve ; and,

lastly, faradization sometimes cures or removes paralysis of the

motor-muscles of the bladder, the rectum, and other viscera.

In the presence of such results, and especially when, after

having applied faradization in a general manner, I had seen the
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disappearance of the symptoms of ])rogressive locomotor ataxy, I

conceived the hope, at the commencement of my researches into

this disease, and prior to describing it, that faradization would be

one of the best means of treatment by whicli it could be opposed.

But, unfortunately, experience soon taught me that the results

obtained locally—all incontestable as they were—were still but

temporary; that the cure of the disease was only apparent; that,

in its normal course, ataxy is essentially remittent ; that it was

not uncommon to see the occurrence, even spontaneously (among
unfortunates who, for want of means, were unable to pursue any

treatment) of remissions of even long continuance (sometimes of a

year or more), during which all the symptoms of the malady had

disappeared, so that it was possible to believe it to be entirely cured.

I must, in one word, acknowledge that, perchance, the faradiza-

tion may have been applied coincidently with one of these periods

of remission ; but the ataxy none the less resumed, after a time, its

progressive course. The same may apply to glosso-labio-laryngeal

paralysis.

Remak and his adepts have, however, announced that constant

continuous currents have power to cure the profound lesions of the

nervous centres which are characteristic of progressive locomotor

ataxy. I accepted, as a great benefit, the promise of a medication

that should be efticacious in the treatment of this malady, the

march of which has appeared to me to be so fatal that, in describ-

ing it, I gave it the name '• j^rogressive" and I hastened to test the

value of the plan proposed.

I do not yet venture to formulate my opinion of the actual thera-

peutic value of continuous currents in these organic lesions of the

nervous centres. I cannot so soon forget the lesson that I nlrew

from my illusions about the seemingly happy results of my first

applications of faradization in similar cases. I even fear that those

who have published cases of the cure of locomotor ataxy by con-

tinuous currents may have been too hasty in their conclusions.

They possibly may not be sufficiently aware of what sometimes

occurs in the natural course of the disease, without any treatment

whatever,—of tlie long remissions that I have described, during

which the symptoms may so far disappear that the patient may
seem to be definitely cured.

V.

—

Galvanization by Permanent Continuous

Constant Currents.

Gralvanization by permanent continuous constant currents, con-

sists in causing the passage of these currents through organs,
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Avithont intermissions, for as long a time as possible (from thirty

minutes to several hours), and in reducing to a minimum the

action of the comjDletion and of the interruption of tlie circuit.

It is in this kind of galvanization that we have most to fear

the electrolytic action of the battery. Hiffelsheim, who has

most extolled, as I have already stated (see p. 184), the therapentic

ap[)lication of permanent continuous currents, has constructed a

small sulphate of lead battery, formed of 80 or 100 elements,

which are each 5 or 6 centimetres in length by 8 in width.

Although this little battery, the current of which is very constant

and the tension sufficiently great, exerts a comparatively feeble

electrolytic action, yet we have already seen that the permanence

of the current, and its long passage at the same point, will affect

the cutaneous surface more or less deeply (Case XV. p. 18-4.)

It is therefore necessary to know exactly, under such circum-

stances, the electrolytic power of the battery that we are about

to use, and to know how long the rheophores of its permanent

current may remain in contact with the same points of skin,

without producing vesications or eschars.

It is hardly necessary to point out that galvanization by per-

manent continuous currents should also be divided into reflex

and localized ; that the former acts specially upon the nervous

centres, and the latter upon the periphery.

Does reflex galvanization by stabile permanent continuous

currents of long duration (that is to say, for seances of from half

an hour to several hours in leugth, and necessarily of a dose

comparatively feeble) exert upon the nervous centres a more
powerful therapeutic influence than that of reflex galvanization

by continuous (stabile) currents, mixed with intermissions ? I

must reserve my reply to this question, which I am now engaged

in studying experimentally.

I have seen localized galvanization by permanent continuous

currents exert a resorbent action, that Remak has called catalytic,

in chronic articular affections with nodosities, in ganglionic

tumours, in one case of muscular tumour of obscure character (I

regret not to have treated in this manner an analogous case to

which I was called in consultation with M. Nelaton), and lastly

in atrophy of the deltoid produced by rheumatism. I have not

the time to devote myself, on a sufficiently large scale, to inves-

tigations of this kind ; interesting, it is true, but Avhich would

take me too much away from my habitual clinical study of

maladies of the nervous centres, of the nerves, and of the muscles.

In the cases in which I have been obliged to apply or to cause the

application of this treatment, I have covered the greater part of
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the cutaneous surface corresponding to the diseased organ or

region with a moist rheophore (a plate of platinized copper,

covered with wet leather), and I have placed a second moist

rheophore higher up, at a point as near as possible to the former.

Then, for half an hour or an hour, according to the tolerance of

the individual, I have caused the passage of a permanent con-

tinuous current from 10, 15, or 20 elements (in proportion to

the length of the seance), 7 centimetres in height, of a sulphate

of lead battery. I have only habitually assisted at the one or

two first applications ; and the patients, whom I have visited

from time to time, have themselves continued the treatment

;

with the precaution, well understood, to avoid the production of

blisters or eschars. I have had no occasion but to praise, in their

way, the catalytic effects of this mode of galvanization ; and

although they are usually very slowly produced, I have obtained

a complete cure on several occasions. Remak has had the great

merit, first of suggesting, and then of demonstrating, the valuable

catalytic effects of continuous constant currents.

YI.

—

The therapeutic action of galvanization of the

SKIN, AS COMPAEED WITH CUTANEOUS FAEAUIZATION.

Intermittent cutaneous galvanization is practised by applying

dry metallic rheophores to the skin, previously dried by an

absorbent powder ; and by the aid of a rheotome set in motion

by clockwork, the intermissions of which are nearly as rapid as

those of the trembler of an induction apparatus.

Tlie tension of a battery of good electro-motor power, such as

that of my sulphate of lead battery of 100 elements, is not suffi-

ciently great to excite acutely the sensibility of the skin ; if it

should do so in the same degree as cutaneous faradization, as when

the skin is slightly humid, it would be by disorganising it by the

electrolytic action of the galvanic current. Cutaneous galvaniza-

tion by continuous currents is almost null when the skin is dry

;

and, if the skin be moist, it is still less acute than intermittent

cutaneous galvanization.

Consequently, in cases where it is wished to produce upon the

skin, either for a moment, or during several hours, a more or

less powerful revulsion, which may be graduated from a simple

tingling to a sensation greater than that produced by fire, without

producing the least electrolytic or calorific alteration, cutaneous

galvanization would be either powerless or inconvenient.

Nothing but cutaneous faradization will correspond to these

requirements. The clinical facts which I shall adduce, in the
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second Part, will show that at its maximum, or in a suiScient

degree of force, I have seen it cure angina pectoris, and very-

painful sciatic neuralgia which had resisted all medication ; while

by lesser degrees I have successfully treated more or less grave

neuroses and nervous maladies, or certain dynamic conditions

(as in diphtheritic poisoning) by exciting the precordial

cutaneous zone that is in reflex relation with the origin of the

pneumogastric.

General Conclusions.

It is not my intention to attempt a complete report on the

therapeutic application of continuous currents. I believe them
to be destined to render great services in practice. In summing
up in this chapter my personal experience of the applications

that I have made of them, I am endeavouring to appreciate them
at their proper value ; and at the same time to guard the public

against the exaggerations of their exclusive partisans. On the

other hand, in showing the admirable results of the employment
of localized faradization, and in proving by facts that, in a large

number of cases, it should not be supplanted by continuous

currents, I have wished to retain in medical practice an excellent

therapeutic agent, however unjustly it may have been depreciated

by persons who have not known how to use it, or who have not

used it comparatively ; an agent, finally, the application and
management of which are easy and may become general. If I

attain my object, I shall have the satisfaction of having avoided

the great errors of electro-therapeutics, of having preserved fara-

dization from the disregard in which an endeavour has been
made to place it ; and of having largely contributed to its diffu-

sion in medical practice.

I sum up, in the following conclusions, the principal facts that

liave been stated or demonstrated in this chapter.

I. The exclusive partisans of the therapeutic application of

continuous currents, who, with the object of obtaining the pre-

valence of their method, have charged localized faradization not

only with being powerless in the treatment of paralysis, either

with or without atrophy, but also with being hurtful by exerting

a paralyzing action upon the vaso-motor nerves, these galvano-

therapeutists, I say, have ignored or misunderstood the admirable

results of the employment of localized faradization, in the treat-

ment of these affections, upon a great scale, for more than twenty

years (see § I. p. 147) ; in consequence, if they have not obtained

the same results, they have but to blame themselves for not

having followed the precepts that I have established after long

p 2
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clinical experiment. It is shown elsewhere that the majority of

them have not made any comparative use of faradization and

of continuous currents.

II.—The electro-physiological experiments, made by many of

them, and which have served as the basis of the attacks recently

directed against the therapeutic use of localized faradization,

have been badly interpreted, or are inexact. Contrary to certain

assertions, the continuous constant currents and the induction

currents, in equivalent doses, exert an identical action upon the

vaso-motor constrictors. (See § II., p. 149.)

III.—The therapeutic action of localized faradization is exerted

peripherally, especially in promoting local circulation, and pro-

bably in exciting the trophic nerves which govern nutrition.

(See § III., p. 153.)

IV.—The fundamental principles of the different methods of

galvanization which have been lauded in their turn, have not at

present been expressed with sufficient clearness ; whence may be

explained the disagreement of experimenters with regard to the

results of the therapeutic application of galvanic currents. In

the clinical researches that I have made upon the comparative

therapeutic value of galvanization and faradization, I have divided

the former into localized gnlvanization by intermittent currents,

localized galvanization by permanent continuous constant currents,

and reflex galvanization by labile and stabile continuous constant

currents. (See § III., p. 191 et seq.)

V.—A considerable number of paralytic affections—I mention

this in the present place before making known the result of com-

parative researches—may be cured by any kind of electric

excitation (faradization, galvanization, static electricity),' in what-

ever manner it may be applied. (See p. 190.)

YL—Localized muscular galvanization by interrupted currents,

applied with a battery of sufficient electro-motor power, has

appeared to me to exert nearly the same therapeutic action as

localized muscular faradization ; but the latter is to be preferred,

because, unlike the former, it exerts no painful electrolytic action
;

and because the instruments which furnish the induction current

are of small bulk, portable, and inexpensive, while the batteries

which, in these cases, should be composed of a large number of

elements (about a hundred), are difficult of management, and only

applicable in the reception-room of the specialist. (See p. 192.)

VII.—The electro-physiological phenomenon which forms the

principal basis of the method of reflex galvanization by continuous

currents extolled by Remak,—a phenomenon which consists in the

production of tetanoid contractions in muscles supplied by the
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nerve antagonistic to tliat tlirongh which a strong constant

current (of thirty of Daniell's couples at least) is passing and

which he has called galvano-tonic contractions or sliortenings, this

electro-physiological phenomenon, I say, is imaginary. I have

never seen it produced in any of the numerous experiments which

I have made publicly upon healthy men, (See page 179.)

VIII.—It is true that reflex contractions are sometimes pro-

duced in certain pathological conditions ; that we may see, for

exaaiple, in paralytic contractions of the muscles supplied by the

median nerve, consecutive to cerebral haemorrhage, the hand open,

the wrist and fore-arm become extended, during the passage of the

continuous current through the nerve ; but this phenomenon in

no way confirms the theory, imagined by Remak, of the so-called

galvano-tonic contractions. In fact, in these morbid conditions

the spinal cord, being in a state of extreme excitability, any

emotion whatever, as well as the act of sneezing or yawning, is

sufficient to provoke the same reflex contractions.

The power to produce, in these morbid conditions, reflex spasms

in the antagonists of the contracted muscles, is therefore a property

common to many excitants ; and, consequently, the denomination

of galvano-tonic, given to these spasms, cannot be justified. (See

a, page 197).

IX.—-The hyposthenizing or paralyzing action (discovered by

Eckhart) of continuous currents upon the nerve-trunks, may
perhaps account for the therapeutic action which they sometimes

exert on paralytic contractures. (See h, p. 199).

X.— Contrary to the assertion of Eemak and his followers, con-

tractures consecutive to cerebral hasmorrhage are seldom cured or

improved by continuous currents applied after Remak's manner;

because such contractures are nearly always (a fact which Eemak
ignores) symptomatic of secondary sclerosis of certain fibres of the

cord. (See c, p. 199).

XI.—Rheumatic contractures, and ascending contractures, after

articular injury (an affection not hitherto described), can be better

treated by energetic faradization of the antagonists of the con-

tracted muscles than by continuous currents. (See c and d, pp.

201, 202).

Xll.— The atrophic paralysis consecutive to injuries of the

nerves is, in general, less quickly and less completely cured by

continuous currents (according to Remak's method) than by local-

ized muscular faradization ; but the combination of both methods

has appeared to me to yield the most satisfactory results in the

treatment of these affections. (See A, p. 193).

The same statement will a[)ply to lead -palsies : although,
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according to Eemak and some of Ins followers, they are not even
susceptible of amelioration by the influence of induction currents.

(See B, p. 194).

XIII.—It seems to me, however, to follow from some of my
experiments that, in the affections referred to above (XI. and XII.),

a combination of the two methods of electrization, applied alter-

nately, produces the most prompt and most satisfactory results
;

and that, in any case in which localized faradization has failed, we
should have recourse to reflex galvanization by continuous currents.

XIV.—The trial of the therapeutic action of reflex galvanization

by continuous currents is indicated at an early period of those

chronic affections of the nervous centres which anatomically form

a great class of scleroses and atrophies of the structural elements

of the cord or of the medulla (progressive locomotor ataxy,

glosso-labio-laryngeal paralysis, scattered sclerosis). I am unable

to arrive at any conclusion from my own experiments with gal-

vanism in these lesions. (See/, p. 207).

XV.—Localized galvanization by permanent continuous con-

stant currents exerts a therapeutic influence, by virtue of its

electrolytic action, which faradization is unable to replace. (See

v., p. 208).

XVI.—An induction current passing from the anus to the moutli

(operating by reflex action upon the spinal cord)—which has been

charged with hastening, or even with occasioning death, when
applied to the treatment of asphyxia—re-establishes, on the con-

trary, if it is applied in a slight degree, the respiration and the

cardiac circulation, as perfectly as the continuous current adminis-

tered in the same manner. (See C, p. 130).

XVII.—Cutaneous galvanization cannot be practised in any

degree of intensity without producing alterations in the skin. It

can neither equal nor supplement faradization of the skin, by

which we can instantly produce an effect on the sensibility, ranging

from a simple tingling to a pain greater than that which would be

caused by burning, without producing the slightest organic change,

however prolonged the application. The therapeutic employment

of cutaneous faradization is very frequently indicated ; and has

cured the most grave neuralgias and neuroses, among others,

cases of angina pectoris, of asphyxia (see I., p. 134), and of disorder

of the respiration and of the cardiac circulation. (See II., p. 137).

BiBLIOGEArHICAL InDEX.

I have abstained in this chapter from entering into historical

details of the numerous experimental electro -physiological re-

searches upon the action of continuous currents traversing longi-
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tudinally the nerves of man, that have been made from the time

of Galvaui to our own day ; because these details are to be found

in special treatises, and because I have not space even for an

analysis of them. Moreover, I have wished to place before my
readers, as far as possible, the results of my own researches, and

only to cite those of others when I wished to be conlirmed by

them, or to refute them as being erroneous and in opposition to

my own. I have already brought together, in a bibliographic

note, and in chronological order, the principal experimental and

physiological researches upon the action of currents traversing the

nerves, \\hich have been made from the time of Galvani to that of

Matteucci (from 1791 to 1844).

It still remains for me to mention, in chronological order, the

most important subsequent works which have treated of the same

subject, and especially those which have dealt with therapeutic

questions :
'

—

Sechner, ' Lehrbucli des Galvauismiis und der Electrochemie.' Leipzig, 1844.

AssoN, ' Eapporto della commissione che ha fatto gli sperimenti sull' elettro-

ponctura come mezzo congelante il saugue nelle arterie e sulV obliterazione

delle vase/ in Annall universali di Medkina, 1847.

DucHENNE (de Boulogne). ' De relectrisatiou locahsee et de son application

a la therapetitique.' 1st edit., Paris, 1855. 2nd edition, 1861.

Heidkneeich, ' Pbys.-chem. Uutersuchnngen des Blutes duch die electrisclie

Saule,' in Neue mtd. Zeitung, 1847.

Du Bois-EEyMOND, ' Untersuchungen liber thieriscbe Electricitat.' Berlin,

1848-49.

Jallabeet, 'Experiences sur I'electricite ai^pliqiiee a la medecine.' Paris,

1849.

Gull (W.), 'On the Value of Electricity as a Remedial Agent,' in 'Guy's
Hospital Reports,' 1852.

Baieelacher, ' Die-Inductions-Electricitat.' Niirnberg, 1853.

EcKHAED, ' Grundziige der Physiologie des Nervensystems.' Giessen, 1854.

—

' Boitrage zur Anatomie und Physiologie.' Giessen, 1855.

ScHULTZ, 'Die Eeflexwirkungen der Inductions-Electricitat als Heilmittel

gegen Abnormitaten der Menstruation,' in Wiener med. Wochenschrift, 1855.

Hkidenhain, ' Physiolog. Studien.' Berlin, 1856.

Eemak, 'Ueber methodische Electrisirung motonischer Nerven.' Berlin,

1855-56. — ' Galvanotherapie der Nerven- und Muskelkrankheiten.' Berlin,

1858.

FiCK, ' Die med. Physik.' Berlin, 1856.

Erdmann, ' Die ortliche Anwendung der Electricitat in Bezug auf Physiologie,

Pathologie und Therapie.' Leipzig, 1856.

Tiewnen, ' Die Electricitat in der Medizin.' Berlin, 1857.

Becqcerel, ' Traite des applications de I'electricite a la therapeutique.' Paris,

1857.
. VoN WiTTiCH, ' Ueber den Einfluss des gaivanischen Stromes auf Eiweiss-

losuugen und Eiweissdiffusion,' in Journ.f.prakt. C'/^' nu'e, Bd. Ixxiii., 1857.

Rosenthal, ' Phjsikalische und libysiologisclie Bemerkungen liber Electro-

therapie.' (Deutsche KUnik, 1858.)

' This bibliographical index, as far as

relates to works publislied in Germany,
has been in great part printed by M.

Jaccoud, ^0M?>. Diet, de Me'd. el de Cliirurgie

pratique. Paris, 1870, toni. xii , art.

Electricite.



216 LOCALIZED ELECTRIZATION.

Eegnauld (Jules), ' Eeclierclies electro-physiologiqiies.' (Jottrn. de Physiol.

1858.)

MouTAED -Martin et Lardeau, Gaz. des Uojjitcmx, 1859.

Chauveau, ' Theorie des effets physiologiques produits par I'elcctricite.'

(Journal de Fhysiol, t. ii., 1859, t. iii., 1860.)
Pfluger, ' Untersuchiiugen liber die Physiologie des Electrotomes.' Berlin,

1859.

Fano, ' Flexions de I'uterus.' {Union med., 1859.)
Debout, B/dl. de Thernp., 1860.

Tripier, ' Manuel d'electrotherapliie.' Paris, 1861.

Benedikt, ' Die Eesultate der electrischen IJntersuchung und Behandlung.'
Wien, 1864.— ' Nervopathologische Beobaclitungen an Geisteskranken,' etc.,

in Archil) flir HeiJkunde, 1867.—' Electrotlierapie.' Wien, 1868.—'Ueber
die physioi. und pathol. Wirkungen des conslanten Stromes.' ( Wiener med.
Hidh; 1861.)

Clemens, ' Die angewandte Heilelectricitat,' in Deutsche Klinik, 1860.

Von Holsbeck, Annales de V KJectricite mediccde. Bruxellcs, 1860-69.

KiSTiAKOWSKY, ' Ueber die Wirkimg des constanten und Induetionsstromes
auf die Flimmerbewegung,' in Moleschott's Untersuchungen, 1866.

Stradelli, 'Sulla contrattilita elettrica e volontaria.' (Gaz. mtd, Lomharda,
1866.)

Hermann, 'Weitere LTntersucbungen zur Physiologie der Muskeln und
Nerven.' Berlin, 1867.

Meyer, 'Beitrage zur Lehre von der electrischen Nervenreizuug.' Ziirich, 1867.

Alby, ' Die Reizung der quergestreiften Muskelfaser durcli Kettenstrome,' in

Arcliiu filr Anatomic, 1867.

Sycianke, ' Ueber die Wirkung des galvanischen Stromes auf das Gehororgan,'
in Arch.fur klin. Med., 1867.

Lamarsky, ' Erregung motonischer Nerven durch den kurzdauernden Strom,'

in Centralhlaft der med. Wissensrhajtin, 1867.

Erb, ' Ueber electrotonische Erscheinungen am lebenden Menschen.' (Archio

fur kliniche Med.,' 1867.)

Garnault, ' Legons elementaires d'electricite.' Paris, 1866.

Wintrebert, 'Des coiu'ants continus et de leur action sur I'organisme.'

Tltcse de Faris, 1866.

Eanke, ' Ueber die krampfstillende Wirkung des constanten Stromes.' (Zeit-

schrift fur Biologie, 1866.)
PoGGioLi, ' Sur le traitement des maladies par I'electricite statique.' {Bulletin

de I'Acadf'm'e de Medecine, 1866.)

ScHiVARDi, 'Frammenti di clinica ellettrojatrica.' {Gaz. med. ital. di Lom-
hardia, 1866.)

Namias, ' Sui principi regolatori delle ciire elettriche.' {Giornale Venuto, 1867.)

Erd, ' Galvanotherapeutische Mittheilungen.' {Arch iu. filr klin. Med., 1867.)

HisziG, ' Ueber die Anwendung unpolarisirbarer Electroden in der Electro-

tlierapie,' in Berliner klin. Wochenschrift, 1867.

EuLENBURG, ' Ueber die electronisirenden Wirkungen bei percutaner Anwen-
dung des constanten Stromes.' {Archiv fur klin. Med., 1867.)

Seelihmtti.ler, ' Ueber Anwendung der Electricitiit bei Krankheiten.' {Corre-

spondenzhlatt des Vereins der Aerzte in Mersehurg, 1867.)

Beard and Eockwells, " The Medical Use of Electricity," in ' New York Med.
Eeview,' 1867.

Erbjiann, 'BeitrJige zur Electrotlierapie.' {Arch.fur klin. Med., 1867.)

Langes, ' Ueber Anwendung der Inductions-Electricitat gegen paralytischo

Contracturen,' in Wiener med. Wochenschrift, 1867.)

Alvarenga, ' Ascite con anasarca,' etc. {Gaz. med. de Lisboa, 1867.)

Onimfs, 'De I'emploi des couraiits constants.' {Gaz. des IJ62)., 1868-69).

Benedikt, ' Electrotherapie.' Wien, 1868.

B.ERINKEL, 'Zur electrotherapeutischen Casuistik.' {Arch, der TJeilk., 1868.)

Jaccoud, Nouv. Diet, de med. et de chirurgie pnitiijues. Paris, 1870, t. xii., art.

' Electricite.'



RUHMKOKFF'S CONSTANT-CUREENT BATTERY. 217

On the Portable Constant-Cukbent Batteet of M. Euhmkorff.

M. Euhmkorff informed me, a little tardily, that he had constructed a
portable constant-current battery, with bisulphate of mercury, oy with
chloride of silver. He has i^laccd at my disposal a i^ortable battery of

bisnl])liate of mercury (carbon, zinc, and solution of bisulphate of mercury),
in order that I might test its merits. Having done so, I have been able to

judge of its value, and to point out certain imperfections, which this skilful

meclianician has applied himself to remove at my request.

The portable battery, thus modified, seems destined to be of great service

in the apjDlication of continuous currents; for which reason I have deter-

mined to give a description of it in this note.

The battery (see fig. 50) is enclosed in a box, A, A', A", containing forty-

Fig. 50.— Uubiukorli's portable buttery, muditied alter the suggtstions of W. Ducheune.

two small elements, the glass cells of which are placed in divisions at the
bottom of the box B, by which they are separated one from another. These
divisions are arranged in six rows of seven. The zinc and the carbon
of each element ,z, c, are fixed to a double movable i^latform, C, of hard
vulcanite, i^laced above the glass cells containing a solution of bisulphate of

mercury, into which they can be lowered, more or less, at j^leasure, by
turning the milled head, b, which acts upon the pinions and racks, d, cV , and

ill if , which elevate or depress the double platform, and consequently the zinc

and carbon of every element. "When the battery is not in use, the platform,

C, is so lifted as to take the elements entirely out of the solution.

The following are the modifications that I have requested M. Euhmkorff to

introduce into a battery for my private use.

1. In the battery sent me for ex})eriment the carbons were cylindrical, nine
centimetres in height, and could be immersed for live centimetres with
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sixteen millimetres of section. In the centre of each carbon was a cylinder
of zinc of the same height, a centimetre and a half in diameter. This
battery gave too great a quantity of electricity, in direct proportion to its

extent of surface.

Its electrolytic action was such that, with forty-two elements immersed
scarcely a centimetre, its rheophores produced vesication of the skin in two
or three minutes. I therefore requested M. Euhmkorff to diminish the
surface by two-thirds, and he has done so by constructing the zinc and
carbon as shown in the figure. They measure nine centimetres by eight
millimetres, and act only by the surfaces that are mutually opposed. I have
also rei)laced the solution of bisulj^hate of mercury by a weak solution of the
protosulphate.

As thus modified, the battery may be used for all electro-physiological or

therapeutic aiDplications of continuous ciirrents. It has also been rendered
less heavy and less costly by diminishing the bulk of the carbons. The
gi'eater or less degree of immersion of the elements in the solution is obtained,

as I have said, by raising or lowering the double platform C. To raise this

platform, with the elements that are fixed to it, it may be lifted more or less

by the handle, m, and its descent is prevented by the catch, d", which falls

between the teeth of the pinion, and which must be lifted in order to lower
the platform. The teeth of the pinion are so arranged that each one
allows the j^latform to descend a single millimetre.

The mechanism of the system of gradual immersion or emergence of the

elements is assuredly simple and good, but it leaves something to be required

with regard to the exact graduation of the electrolytic action of the battery.

The indicator does not show precisely the degree of immersion of the elements,

except on the condition that the liquid in the cells should stand always at

the same level. But, as the cells are not closed, the height of the liquid is

constantly diminished by evaporation. I have therefore had a line marked
on the walls of the cells, to show the height at which the liqiiid should be
kept, and a large ojicniug made in the side or front of the box, and filled with
glass, through which the height of the liquid may be seen.

2. The battery is divided into six rows, each composed of seven elements.

The screws of the first row, which fix the zinc and carbon to the plat-

form C, are furnished with openings in which to place the conductors; so

that the current may be increased or diminished by from one to seven elements.

This graduation is particularly aj^plicable to delicate physiological experi-

ments. The metallic stem y' (graduator of the tension), which M. Euhmkorff
has added to the'apparatus at my desire, is so constructed as to graduate the

tension of the currents, without producing intermissions. When it is pushed
in the tension of the battery is at its maximum, and as it is withdrawn the

number of elements is diminished by sevens, as shown by the divisions

marked upon the stem, without its being necessary to change the conductors

fixed to the knobs n and ^5.

When the battery is exhausted, the platform C is entirely removed fi'om the

box by the handle vi, and the cells are refilled with fresh solution. For that

purpose, water is poured into them to the level of the horizontal line already

mentioned, and a single gramme of protosulphate of mercm-y is added to each,

by means of a little measure which is attached to the apparatus. This mani-
pulation is easy, and can always be exactly done by the means indicated above.

One of the principal advantages of this battery is the facility of gra-

duating the degree of immersion of the elements ; or, in other words, of

measviring ihe electrolytic action while preserving the force of the tension.

The possibility of obtaining from it a weaker or more powerful electrolytic

action has the great advantage of rendering it equallj' apjilicable to cases for

which the use of the continuous ciirreut by reflex action is required, and to

those in which the surgeon wishes for electrolytic effects.

In M. Euhmkoiff's chloride of silver battery the carbons are replaced by
cylindrical stems of chloride of silver.
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Several questions iu regard to the therapeutic and diagnostic uses of the
galvanic cui'rent have enlisted the attention of medical men in England, to
which Dr. Duchenne has only incidentally referred in the preceding
chapter. Some of these questions were originated by Eemak ; others refer

to the effects of interrupted currents of low tension in certain forms of
paralysis. These questions have been so ably discussed by Ziemssen ^ in au
examination of the therapeutic uses of galvanic currents, that I have not
hesitated^ as the most instructive mode of dealing with the subject, to

append a condensed translation of so much of his observations as may serve
for their elucidation.

—

H. T.

ZIEMSSEN ON CERTAIN QUESTIONS WITH REGARD TO THE
VALUE OF GALVANIC CURRENTS IN LIEDICINE.

With regard to the effects of the continuous cui-rent upon diseased
muscles and nerves, and of certain indications for its use in theraijeutics, it

will be necessary first clearly to describe the facts that have been ascertained
by competent observers ; and, secondly, to point out the questions on which
further investigations are required. Manifestly for this piirpose we must set

forth from the fundamental doctrines laid down by Remak from his own
observations and experience.

Remak classifies the most conspicuous curative effects of the continuous
current under the three following heads :

—

I.

—

Catalytic actions.

Remak calls those effects catalytic, or antiphlogistic, which are produced
by the continuous current upon inflammatory conditions and their conse-
quences. He gives an analysis of this action, and calls it catalytic because
" the action of the current where it meets with an abnormal state of the
tissues, produced either by failure of the blood circulation or by morbid
effusion, is not limited to an electrolysis in the narrow sense, that is, to a
change in the tissues analogous to a watery solution, but performs an
important part, by dilatation of the blood vessels, in i^romoting ckculation
and absorption."

The continuous current, according to Remak, exerts this " catalytic " action

in the following states :

—

1. In inflammatory conditions.

2. In effusions left behind by any of the foregoing inflammatory condi-
tions; e. (./. in watery effusion into a joint.

3. In painful and inflammatory swellings.

As regards the manner of proceeding, Remak insists that it is necessary
to proceed from the assumption that a passage of fluids occurs from the posi-

tive to the negative pole ; and hence, to place the negative electrode in union
with the inflamed spot, and the positive as near to it as possible. This direc-

tion of the current -should, however, be reversed, when there is evidence of
watery exu.dation together with the inflammation. Since also the positive
pole diminishes and the negative increases the excitability of the nerves, the
operator must take heed to the character of the inflammation, and in erethis-

mal conditions must place the positive pole, in torpid conditions the negative
pole, exclusively or alternately in union with the inflamed parts. The
strength of the current must be moderate (about twenty elements), but the
time of application considerable (at least several minutes). The benumbing
of sensibility in the nerves affected by the cui-rent may serve as a limit for the
length of application.

Ziemssen, Die Elcctricitlit iu der Medicia.
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Tlie experience of those observers who have tested Eemak's assertions, has

been generally very favourable to the catalytic action of the electrif current

;

especially in chronic glandular swellings and firm exndations into and aronnd

joints. The observations hitherto ixiblished do not afford materials for judging

whether a solvent or absori^tion-producing action is exerted in a higher

degree, as Eemak believes, by the continuous than by the induced current.

II.

—

An fis2)astic actions.

These depend partly upon this, " that the current increases the power of

the will over the muscles that are seized with spasm or tremor, or by its cata-

lytic action removes the irritation by which spasm had been excited," and
partly that ' an increased excitability of nerves or muscles, which appears to

be a catise of local spasms, is diminished by a proper application of the

ciUTcnt."

These antispastic actions, which Eemak professes to have observed, have

justly excited among practitioners great doulits of the accuracy of hisobserva-

tions ; and are wholly unconfirmed by others.

In the discourses, delivered in Paris by Eemak in 1864, the antispastic

actions are not generally mentioned ; but he speaks of " tranquilizing " actions

in contractures and hypersesthesise. The latter, whether of inflammatory or

simply of neuralgic origin, yield, according to Eemak, to the weak and pain-

less currents of 15—25 elements, in sfahile application; that is, with immov-
ably held electrodes, so that the magnetic needle of the galvanoscope, the

deviation of which need not exceed 20°, may remain stationary. The positive

electrode, in the form of a large plate, should be laid on the painful part; the

negative applied to any distant point of the surface. After the current has

been passing for from ten to fifteen minutes, the pain should be considerably

diminished. The tranquilizing action should also he displayed by placing the

positive electrode uiwn the nerve-trunk, the branches of which are distri-

buted to the painful part, as far from this part as possible ; while the negative

is placed on any distant point, and contact with the seat of pain is wholly

avoided.
For the treatment of contracttires, Eemak found that intermissions of

the continuous current were more efficacious than the ' stalnle ' action, and
he is generally disposed to ascribe to intermissions a favourable operation.

III.

—

Ant
i
paralytic actions.

These were observed by Eemak under the following conditions :

—

1. In secondary pareses and atrophies with or without contraction, remain-

ing after articular and muscular rheumatism, or after false anchylosis.

2. In the first stages of primary muscular atrophy, even when pro-

gressive.

3. In traumatic paralysis, produced by contusion or stretching of nerves

and muscles.

4. In hemiplegia, within the Limits determined by the nature of the

central lesion.

5. In paraplegia, and in certain forms of the so - called tabes dorsalis

;

according to the extent of the atrophy of the cord.

6. In auffisthesia either as an indejaendent disease or as a complication

of motor paralysis.

Subseqriently, Eemak has designated the antiparalytic influence of the cur-

rent as an " exciting " and " revivifying " action. To obtain this he employs

both the "stabile" cnxxeni (application ducouranten repos); and the so-called

"labile" {application du courant tn mouvement^. The latter he obtains by
gliding the electrodes to and fro over the skin. It is manifest that, in these

movements of the electrodes, the tension of the current cannot remain

unchanged, but must undergo oscillations, dependent upon the variations of
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resistance as the electrodes move their jDlaces on the surface. Eemak assigns

it as a difference between his ' labile ' galvanic and the common induced
currents that, in the latter, the fall of the current is from its maximum to

nil ; but that, in the ' labile,' although the current certainly falls from its

height, it still remains always considerably more than nil. This distinction is

illusory. In the ' labile ' application w-e can no longer speak of constant

currents ; but only of continuous currents of irregularly oscillating strength.

After Eoseuthal, Oppenheimer, Sinsteden, and others, had confirmed my
opinion upon this point, Itemak confessed himself to have been in error.

Disregarding only these obscurities about the methods of galvanizing,

Remak's doctrines, with regard to the antiparalytic curative effects, contain

yet many other points that jiistify considerable hesitation. This especially

applies to the centrijje/al action of the currents, which Eemak considers to

be partly due to a direct action on the brain and spinal cord, and to be
best explicable by an action on the vaso-motor nerves

;
])artly to reflex action.

With regard to the first, Eemak deals entirely in hypotheses of the boldest

kind. He not only believes in producing a regulation of the circiilation in

the brain by galvanizing the plexuses or ganglia of the sympathetic (pre-

ferably the superior cervical ganglia) ; but also in diminishing, by the same
procedure, the irritation of the cerebral substance aroimd an apoplectic clot,

and in hastening the absorption of the blood, so as to prevent the occurrence
of contractions in the paralysed half of the body ; and this the more easily

and certainly, the more recent the paralysis. Eemak's method, in such cases,

consists in the ' labile ' api^lication of the electrodes over the cervical ganglia

of the sympathetic, w'ith the current of from 20 to 30 elements.

Eemak also believes that he has obtained a curative action upon the spinal

cord, by the labile application of a current from 20 to 30 elements in the

neighbourhood of the solar plexus, and of the lumbar plexiises of the sympa-
thetic, in cases of ascending sjoinal paralysis, motor ataxy, hysterical para-
plegia, and other disorders of motion due to changes in the spinal cord.

Even in the most superficial view, it excites suspicion to hear such pro-
found anatomical lesions described as being generally curable; esioecially

when no clinical evidence is forthcoming. It must, moreover, appear highly

improbable, a prioi-i, that it is generally possible, by the method described, to

produce excitation of the sympathetic ganglia and jDlexuses. The tension

of an electric current entering the body, as soon as it has passed through
the skin, undergoes such rapid diminution, that muscles or nerves, separated
from the surface by a moderately thick layer of w^ell conducting tissues (e. g.,

of muscle), are no longer acted upon, unless extremely powerful currents

are employed. How much less is it to be expected that the comparatively
feeble current of a battery of twenty or thirty elements, in labile applica-

tion, can be made to reach the superior cervical ganglion, or still more the

coeliac plexus, with the tension necessary to produce any excitation.

But, even assuming it to be proved, that a direct action of the current

upon these nervous organs is possible, there still remains the larger ques-
tion, whether excitation of the plexuses and ganglia of the sympathetic does
actually have, or could have, the action upon the central organs that Eemak
professes to have observed. Of the functions of the ganglia, we know what
amounts to nothing; and of the cervical sympathetic we know that its

division, in animals, or its paralysis from other causes, is followed by a dilata-

tion of vessels and increase of temperature in the corresponding half of the
face, and especially in the ear. Its ii-ritation, on the contrary, jiroduces

contraction of the vessels, diminution of the quantity of the blood and of
temperature in the same soft parts. If, therefore, Eemak obtains by gal-

vanism a dilatation of the intra-cephalic and intra-spinal bloodvessels, as he
in various places declares, tliis action must be considered evidence of a
paralysing, not of an exciting, influence of the current.^ Such a paralysing.

^ [Upon this point, compare Duchenne upon the active dilatation of vessels,

p. 161, et seq.—H. T.]
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or, more correctly, conduction checking or delaying influence, has been now
shown by physiological exj^eriment to attach to the positive pole. This is

the state of aneledroto^ms. But in mankind only vain endeavours to pro-
duce the anelectrotonic condition have been made; and especially the
experiments of Fick and myself in this direction have furnished wholly
negative results.

We see into what a chaos of hvi^otheses the dogmas of Eeraak conduct us.

Not less insecure is the ground of his statements upon the galvcmotonic

reflex contractions. These occur, according to him, through the intermedia-
tion of the central organ; and during ]ieripheral excitation of a cerebro-

spinal or sympathetic nerve. In excitalion of a motor nerve they do not
occur in its own muscles, but either in their antagonists (e. g., in the
extensors of the forearm when the median nerve is excited), gaJvanotonic

antarjonistie contraction; or in corresponding muscles of the opposite side

of the body, cri-fsed galvanotonic contraction ; or, lastly, through irritation of
two points, on the opposite side of the body, remote from the muscles to be
excited (^diphgic reflex contrci'tion). As the most important jioint at which
to undertake this irritation with the positive pole, Eemak mentions the
aiTriculo-mas;toid fossa, between the ascending ramus of the lower jaw, the

auricle, and the mastoid process, at the height of the siiperior cervical

ganglion. In a case, for example, of progressive atrophy of the muscles of
both upper extremities, Eemak places a jjositive electrode, furnished with
a knob at its extremity, on the spot above specified, on the right side,

and completes the circuit by a negative electrode with a larger surface of

contact, placed on the left margin of the sixth dorsal vertebra. Then, the
electrodes remaining stationary, with a current from thii-ty to thirty-six of

Siemens' elements, a contraction w-ill occur in the paralysed muscles of the

hand on the left side ; or of the same muscles on the right side, when the

positive electrode is jilaced in the left mastoid fossa, the negative remain-
ing as before. The latter, however, without diminution of the contraction

in the hand, can be moved do^^^l to the ]umT)ar region; but the contrac-

tion ceases as soon as the negative electrode is moved above the fifth dorsal

vertebra, or above a horizontal line j^assing through it.''

It w^ould lead us too far, to go more exactly into the details of this wholly
unintelligible reflex contraction of Eemak's. He himself admits that no ex-

planation of it can be given in the present state of our knowledge ; since he
says that the facts stand opposed to the formulae of physics and of physiology,

according to w-hich the eflects are more energetic the nearer the electrodes

to the parts influenced ; while here the contraction ceases as soon as both
electrodes are above the level of the fifth dorsal vertebra. Eemak suspects

that he produces simultaneous excitation of two distant sympathetic ganglia,

and that the excitation is conveyed from these to the spinal cord, and thence

to the motor fibres of the same or of the opposite side.

Eemak describes the therapeutic effect of this diplegic central excitation

as very considerable. The atrophied muscles, which no longer display any
reaction to the direct influence of the constant current, not only contract,

but swell out, and recover their lost strength.

Eemak found, moreover, such diplegic contractions in the muscles of the

hands in some cases of arthritis nodosa, in its early febrile stage. In these

cases the diplegic application produced a diminution of the pain and the

articular sw^elliug, increase in the circumference of the muscles, diminished

quickness of the pulse, and decrease of temperature. Moreover the produc-

tion of contractions was not always necessary. Without them, a gentle,

continued action was curative, when there were no profound lesions of the

spinal cord, or of the sympathetic ganglia. The internal administration of

'' [As yot, after the most careful obser- ' called, has never been observed in the

vation, and equally careful and very practice and exiierimental researches at

necessary endeavour to exclude sources : the National Hospital for tlie Paralysed

of error, "rZ/p%?V reflex contraction." fio- and Epileptic.

—

H. T.']
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strychnia rendered the diplegic contractions more percej)tib]e, where they
were at first wanting.

It shonld not be supposed that Eemak has not actually witnessed these

phenomena. In hysterical people—and of such lie treated great numbers

—

far more wonderful things occur. It may be remarked, however, that the

observations are at present wholly without corroboration from trustworthy
jiersons.

The more dissatisfied we leave this region of obscure observations, insuffi-

ciently founded diagnosis, and hypothetical explanations of doiibtful curative

actions, the more contented shall we be to retui'n to the basis of facts, which,

gained by means of sober inquiry, are already recognized as valuable scientific

property.

These observations refer to the changes produced by the electric current

in the irritability of paralysed nerves and muscles with regard both to

volition and to the electric stimulus.

Between 1840-50, it was established by Duchenne, that induced currents

usually quickly improved the excitability of enfeebled or completely paralysed
muscles, when their electric contractility is retained or only slightly enfeebled,

At the same time he concluded that complete loss of electro-muscular

cont" n.ctility was a most unfavourable symptom with regard to paralysis in

general ; indicating long duration of the condition, and great resistance to

the action of remedies. In traumatic paralysis of mixed nerves, in which
total loss of electro-muscular contractility was present, Duchenne declared

the application of indiiced currents to be useless during the first six to ten

'months, since the nerve injury was not yet repaired. Afterwards benefit

might be expected from faradization.

Duchenne subsequently observed the remarkable phenomenon that the

increase of excitability of motor nerves or muscles, produced by the induced
current, was often only displayed in resjionse to the stimulus of the will ; so

that therefore the motility returned while the absence of excitability by
induced currents continued. In lead-jxalsy, traumatic paralysis, and paralysis

of the facial nerve, Duchenne found that muscles might contract faultlessly

in response to the will, and perform designed movements, while they were
perfectly insensitive to the excitation of induced currents.

These facts have since been frequently observed. We may now consider

it established :—1. That paralyses, affecting the same nerves or muscles, and
proceeding from similar lesions, may display either a normal degree, a diminu-
tion, or a complete loss of faradic contractility.

2. That the increase of excitability by the will, produced by the aiiplication

of faradic currents, occurs quickly or immediately in the two first cases;

slowly, or not at all, in the third.

8. That the excitability of the paralysed nerves and muscles by the will,

under the application of indiiced ciirrents, completely returns, in many cases

;

while the excitability by the induced current is still absent, and returns only
subsequently to the former.

Recent years have much enriched oiu" knowledge upon this subject, by
many interesting and practically important facts, gained by Eemak's applica-

tion of battery currents in paralysis.

Eemak, in the course of his experiments, came first to the conclusion that

constant "labile" currents increased the irritability of motor and sensitive

nerves both against the same currents and the induced, while at the same
time the mechanical power of action was increased ; biit that induced currents
which certainly somewhat increased the irritability, diminished the power of

muscular action.

These experiments were performed by Eemak preferentially upon diseased

but also upon healthy muscles and nerves. Unfortunately his accounts of the

results are inexact and confusing, by the strange style of description. I there-

fore only extract what is for the present question important ; that, according

to Eemak, " the irritability of muscles and nerves for induced currents, and
for the entrance and exit of constant currents, remains, as a rule, uniform, so
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far as it can be judged, of; but that, in some healthy persons, and certainly

more clearly in some i^aralysed limbs, the irritability for one or the other kind
of current unequivocally preponderates."

This difference between the actions of induced and continuous currents,

very generally stated by Eemak, has since become the subject of niimerous
and searching inquiries.

The great and general residt of these inquiries is the following. In com-
pleteJy j)aralysed muscles and nerves the excitabilify for battery currents is some-
times retained or even increased, ivliile the excitahility for induced currents is

completely lost. In such cases the curative action of the continuous current is

superior to that of the induced. With the return of motility the excitahility for
hoth kinds of current commonly changes.

The first observation bearing upon these points was published by Baier-
lacher, in the beginning of the year 1859. To him, therefore, undoubtedly
belongs the merit of having been the first to notice this interesting and
important fact. I give a brief abstract of the case.

M. B., aged 28, workwoman in a fat-tory, came under treatment for paralysis of

one side of the face of eight weeks' duration. Induced currents of great strength
produced (mly the very smallest action. After three weeks' use of the induced
currents there was no change. A galvanic ciirrent from fifteen elements was then
applied, and produced strong contractions in all the muscles. After only three

applications of the continuous current to the nerve-tnnik and muscles considerable

improvement was manifest, and after io\u more applications the paralysis had almost
entirely disappeared.

There next appeared communications from Schulz, upon several cases of

facial paralysis, in which induced crrrrents produced no action on the para-

lysed side. iSchulz obtained, by testing with the continuous current, the
following resiilts. On the paralysed sides a current fi-om eight Daniell's

elements produced in all the muscles a manifest contraction at opening and
closing, whether the direction of the current were ascending or descending,

and although the same current on the sound side produced no contraction.

By increasing the number of elements up to twenty, contractions on the sound
side were produced at opening and closing ; but these contractions were much
exceeded by those of the paralysed side.

This condition changed during the course of treatment. The increased
excitability of the paralysed muscles to the continuous current gradually
decreased, became more feeble from sitting to sitting, and at last disappeared
entirely, as upon the healthy side, unless when the number of elements was
gradually increased. This diminution of the excitability for the continuous
current is, according to Schulz, a result of treatment and a sign of improve-
ment ; since the restoration of the excitability by the will jiroceeds with it

piari puss'i. The earlier or later occurrence of this combination of symptoms
affords the most sure basis for a judgment with regard to the duration of the

paralysis. The sooner the excitability by the continuous current diminishes

the shorter will be the general duration of the paralysis, and vice versa. With
the disappearance of the paralysis the excitability by induced currents
retrrrns, and becomes the same as that of the muscles on the healthy side.

To these observations by Schulz may be appended one by M. Meyer.
The case was that of a woman forty-eight years old, with paralysis of the

left side of the face, of fourteen days' duration. There was no trace of reaction

to the induced current, but a strong contraction of the paralysed muscles was
produced by closing the circuit of a battery comjDosed of six of Bunsen's cells.

Under the treatment by the continuous current, improvement occrrrred slowly

but still manifestly from sitting to sitting.

This case (reported at great length by Ziemssen) acquired much interest,

from the long time that it was under observation. Wliile the branches of the

left facial nerve, and the muscles supplied by them, had completely lost, three

weeks after the commencement of the paralysis, their excitability eitlier by
volition or by induced currents, their excitability by continuous currents was
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not only retained, but by comparison with the sound side even heightened.

From the tenth week the excitabiUty by the continuous current, in ahnost the
whole territory of the facial nerve, markedly diminished, while the distortion

of the countenance improved. In the twelfth week the reaction to battery

currents wholly ceased, and in the fourteenth week not only was the normal
position of the face quite restored, but the mastery of the will over the para-
lysed muscles was regained. At the discharge of the patient in the seven-
teenth week the facial movements on the left side were almost faultless,

while the excitability for either induced or continuous cui-rents was wholly
wanting.
Two years later, with completely normal motihty, the excitability for

electric currents was restored, and for both currents in the same proportion.

But the excitability displayed on the right (sound side), and the sensibility of

the left, were both far below the normal.
To this case Ziemssen has added another, also affecting the facial nerve,

(which he also reports at length), and which was in many resj^ects clearer and
more transparent than the first, and is of especial importance with regard to

the signiticance of many of the phenomena in question. It was a purely
traumatic facial paralysis, produced by a surgical o^Deration, in wliich division

of the facial nerve, immediately after its exit from the canal of Falloi)ius,

coiild not be avoided.

The details of this observation were unmistakeable and convincing. The
trunk of the facial nerve was certainly completely divided. At the end of the
thii'd week after the division, the excitabihty of the motor nerves by the will,

by the induced current and by the galvanic current, was lost, and was only
retained in a small degree in one branch for the galvanic current. The
l^aralysed muscles, on the contrary, had preserved their irritability to the
continuous current, and responded to direct galvanizing by a slow contraction
which, with a stronger current, passed into tetanus. The entrance con-
traction at closure of the circuit was lost, and the slow and continuing
contraction, that Wundt and Fick had determined experimentally to be due
to the muscular tissue trithout the agency of nerve, was retained.

M. Meyer found that those cases of facial i^aralysis in which the reaction to

the interrupted current, although diminished, was not wholly lost, showed the
same diminution of reaction to the constant current also; and that such
cases admitted of a favourable prognosis, inasmuch as they usually ended in

recovery witliin a few weeks. Cases, on the contrary, in which, eight days
after their commencement, no reaction was iDroduced by the intermitting
current, but in which a weaker battery current produced active contractions,

were of far less favourable prognosis, in so far as their recovery was delayed
for months, or remained always imperfect.

Meyer supposed the seat of the cause of the paralysis in the latter cases to

be in the triink of the facial nerve, within the petrous bone, and held that the
muscular contractions produced by feeble battery currents were reflex, with
the geniculate ganglion for their centre. Meyer sought the basis for this

hypothesis in the spasmodic character of the contractions as opposed to their
slower character on the healthy side, in the disproportionate measure of the
contraction, and lastly in the fact that it is necessary gradually to add more
elements in order to obtain a contraction, which allows of the conclusion that
the track is free.

In respect of curative action, Meyer recommends the current which pro-
duces contractions with the least intensity as the best : that is, in the slighter

cases, the interrupted; in the more severe, the constant. Meyer saw con-
tractions cured, not only by the application of the induced, but also by the
use of the constant currents ; but they were generally removed surprisingly
quickly by the latter, even after they had existed for years.

Ziemssen next reports an important case of facial paralysis reported by
Neumann, and differing in many points from the foregoing.

HeiT H , 60 years old, contracted a paralysis of the left side of the face from
exposure to cold, at the end of September, ISGB. It was at first attended by acute

Q
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neuralgia, afterwards by diminished sensitiveness to the electric excitation. The
paralysis of motion was complete, the sense of taste was lost on the ailected side of

the tongue, and the condition of the soft palate was normal. From the end of

October to the 4th of December the induced current was applied daily for half an
hour without result. Neumann then had recourse to the continuous current, which
by the 24th of January had produced considerable improvement. The induced
cm-rent at first produced no reaction, in whatever strength it was applied or wherever
the electrodes were jjlaced. With the beginning of the return of volitional control

over the muscles there appeared also a trace of reaction to faradism. This appeared

only on direct muscular excitation, and was much less on ihe diseased than on the

healthy siiie. The continuous current, on the contrary, produced stronger contractions

on the diseased side than on the healthy. By the application only of from six to

eight of Siemens' elements contraction was produced on the former, but not with less

than from ten to twelve elements on the latter. On the healthy side, witli from
fourteen to sixteen elements, reaction could be produced either by intra-muscular or

extra-muscular excitation, while on the diseased side it was only produced by the

direct method.

In this case Neumann in.stitiited experiments calcnlated to afford a physical

explanation of the difference of action of the two cnrrents. He finds the

physical peculiarities of the induced cui-rents, as compared with continuous

currents, to be in the rapid succession of currents separated by intervals, in

their alternating direction, and in their momentary individual duration. A
fom"th possibility, tliat the strength of the single induced currents may be

somewhat less than the strength of the continuous battery current, and that

this may exphiin the inefficacy of the former, may at once be set aside by the

foregoing ; since a current from six of Siemens' elements, when the human
body is included within its circuit, produces a scarcely appreciable reaction,

and induced currents from superimposed coils produce an unbearably strong

reaction.

In order to test the first three points of difference, the hammer of an
induction apparatus was secured ; and a cup of mercury, with wires dipiMng

into it, arranged so as to form part of the circuit of the induced current. By
raising and again dipping the wires, completion and interruption induction

shocks were obtained, and it was foimd that neither the stronger interruption

shock, nor the Aveaker completion shock, produced contractions on the para-

lysed side, although the completion shocks in the same experiment acted

powerfully upon the sound side. Hence it appeared that neither tlie rapid

succession of the individual induction shocks, nor their alternating direction,

could be the cause of their inefficacy, and hence only their brief duration

remains to be considered. The following experiment may serve for proof.

Neumann reduced the duration of the battery current to the smallest appre-

ciable time by introducing into the circuit a mechanism in which a fine

platiniim wire was drawn quickly over a little jDlate of wood in which a thin

plate of platinum was inserted, with its edge level with the surface. The
current only passed wliilst the wire and the plate of platiniim were in contact,

and the electrodes being iirst put in position, the circiiit was thus completed.

He found that the strongest battery current was thus rendered almost

ineffectual on the paralysed side, although on the sound side it produced

active contraction. If one electrode was placed on the paralysed cheek, the

other on the chin exactly in the median line, and then a current from fifty

elements was allowed to pass through the above described apparatus, the para-

lysed side showed only a trace of contraction, while the soiind side, although

lying outside of the jn-oper course of the current, was more strongly moved.

The principal current acted with less power on the jiaralysed side than the^

side ciu'rent on the sound side, and Neumann has observed the same thing

with strong induction shocks in the same position of the electrodes.

Neumann replies as follows to the question a^ to the nature of the physical

difference of the induced and of the battery currents in their action upon
paralysed nerves. The excitability of the paralysed nerves and muscles as

against momentary currents— even when of considerable strength—is lost;

but their excitability as against currents of greater than momentary dura-
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tion, even of a less degree of strength, is retained, and even somewhat
increased.

Neumann has since observed the same phenomena, in the nerves and
muscles of frogs after the death of the animal, as in the paralysed muscles of

tlie face. Before the total loss of excitability, he has seen a period of diminu-
tion, often lasting for several hours, diiriug which the strongest induced
currents of the slide apparatus, with its cylinder pixshed in, were ineffectual

to excite contractions, while the completion and interruption of battery

currents from four or six of Siemens' elements produced a marked reaction,

both through the motor nerves, and in direct excitation of the muscles.

Neumann api:)lies to this phenomenon the above explanation ; namely, that

under the conditions present, a stronger momentary cui-rent produces a less

effect than the interruption and completion of a weaker one of longer duration

;

and he refers to the researches of von Bezold and Fick, according to whom,
next to the oscillations of tension, the time during which the current passes

at a constant height through nerve and muscle, forms an important factor of

the stimulation.

In succession to these observations of Neumann, Bruckner has instituted

experiments on several patients suffering from fatty atrophic paralysis, and
has confirmed Neumann's view. On the paralysed muscles an induced
current had no action ; but a battery current of twenty elements produced a
contraction at closing. Briickner observed that this contraction at closing

did not take place immediately, as it does in sound or only slightly paralysed
muscles, but that a very small period of time intervened ; also that in slow
succession of comi^letion and interruption (from half to one second) the

contractions were greater than in quicker succession (four or five in a
second) ; that in changing the current by the commutator, the contractions

were yet more considerable than in slow interruptions and completions ; and,
lastly, that in approximating instantaneous interruptions of a continuous
current, the contraction wholly ceased. Briickner tested these facts on the
peroneal, crural, sciatic and tibial nerves, in this manner. The current
passed through a circuit completed by an electric key; and this circuit, by
means of a short gentle tap on the head of the key, was opened and instantly

closed again. During tliis momentary interruption, the contraction of the
muscle remained unaltered ; but in a longer interruption it always became
stronger. That an interruption actually took place, is rendered evident by
Briickner's test experiments. With how many elements he worked on the

individual muscles and nerves, and whether he went on to employ currents
of considerable strength, are not stated. He concludes by saying that, so far

as any conclusion can be drawn from his few experiments, a certain tardiness

of the nerves with resi^ect to the electrotonic state is not to be mistaken,
since they require a longer duration of current in order to be brought into

this state, and, when so brought, a longer interruption in order to lose it, and
in a momentary interruption they continue in it.

For the last observations bearing upon this question we are indebted to A.
Eulenburg. He saw the case of a girl, twenty years old, who had suffered for

eight weeks from complete facial paralysis of the right side, of rheumatic or
traumatic origin. With normal cutaneous sensibility the affected side had
completely lost its excitability by intermitting currents, either intra- or extra-

muscular, either with slow or rapid interruptions, or with changing the direc-

tion of the current. Faradization, and the subcutaneous injection of strych-
nine, in the course of forty-one days, produced no alteration whatever. A
galvanic current from eighteen defective Daniell's elements was then
employed ; this, although so weak that it produced no trace of effect upon
the sound side, either motor or sensory, produced strong contractions on the
diseased side, especially when both poles were placed ujdou the face. After
seven sittings, the paralysis was decidedly improved, but the difference in the
action of the two kinds of current was unaltered. After nineteen' sittings

(from February 27 to March 17) the deformity was removed, and the power
of voluntary movement was restored. Notwithstanding this, the reaction to

Q 2
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the two kinds of current remained unaltered from the first condition ; and,

especially during the recovery, the snsceptibihty to the galvanic current did

not diminish, nor that to the induced current increase, as might have been
expected from former observations.

Eulenburg—who contests IMeyer's doctrine, that the contractions obtained

through the facial are of a reflex character—rightly places stress upon the

following points in his observations, as incompatible with that doctrine. 1.

The stationary character of the galvanic stimulating effect. 2. The absence

of any considerable irritation of the sensitive or sensory (special) nerves.

3. That the contractions had no spasmodic character. 4. That on localizing

the cm'reut in any muscle, this and no other would react. 5. That slow inter-

mission of very jiaiuful induced currents produced no contraction.

Eulenburg thus points out a modified action of the current upon the facial

;

since, in such a case, the abiding loss of sensibility to the induced current

remains unexplained. He is inclined to suppose the existence of different

specific energies of the motor nerves, namely, for the galvanic, the faradic, and
the volitional stimulus. He thinks it possible that, imder certain unknown
differences of molecular condition, one or other of these energies, or even two
of them, may be wholly lost, without injury to the third. He recalls the

hitherto little studied cases in which, while the motility remains intact, 'he

galvanic and faradic irritabilities are lost ; and also the occiu-rence of loss of

sense of pain, and loss of sense of temperature in certain cerebral derange-

ments, while the sense of touch remains.

All the preceding observations, given in abstract, with the exception of

Bruckner's, refer solely to paralysis of the ftxcial nerve ; and Ziemssen adds

two more, which belong to the same order with Bruckner's, and which i)rove

that the difference in the excitability for the two kinds of ciu-rent affects other

nerves also, in the same way as the facial. The first of these observations has

reference to a paralysis of the parts supplied by the ulnar nerve ; the second,

to paralysis of the parts supplied by the radial.

Ziemssen next cites two cases which afford proof that the control of the

will over paralysed muscles may be restored, without any restoration of their

excitability to either faradic or galvanic stimulus. He then attempts to

classify the very numerous phenomena described in his previous obser-

vations, and displayed in cases of peripheral paralysis when the paralysed

nerves and muscles are tested by induced and continuous cui-rents, and obtains

the following series :

—

I. Paralysis in which the aff"ected muscles and nerves have entirely lost

their excitabiUty, either for the will, or for both kinds of electric c^irrent.

—

(^Zieinssen.y

IL Paralysis in which the motility is partly retained or regained ; while

the affected muscles and their motor nerves are not susceptible of the influ-

ence of either kind of electric current.

—

(Eulenhurg, Ziemssen.)

III. Paralysis in which the motility is entirely lost; but in which the

excitabihty by both electric cui-rents is not lost, although much diminished.

—(il/. Meyer.)

IV. Paralysis in which the affected miiscles and nerves have entirely lost

their excitability by the will, or by the induced current ; while their excita-

bility by the continuous current remains.

In this class the preceding cases have displayed the following phe-

nomena :

—

(a.) During the absence of motility.

1. The excitability for the continuous current is increased ; so that feeble

battery currents, which produce no trace of effect upon the healthy horuo-

logous muscles, excite the paralysed muscles to active contraction.— (i?«ier-

lacher, Schuiz, Neuviann, Eidenherg, Ziemsstn.)

2. The excitability for the continuous current increases greatly during

treatment with it; rapidly attains its maximum, and then diminishes.—

{Ziemssen.)
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8. The excitability for tlie coutiniioiTS current is not always simultaneously

equally increased in all branches of the paralysed nerves. In the less excitable

muscles and nerves the excitability increases, and then diminishes, later than
in those that were more excitable at the first.

—

(Ziemssen.)

4. The contractions of the paralysed muscles, occasioned by battery

currents, do not occur with the same precision as in healthy muscles, but
appear somewhat drawn out.

—

(Bruckner, Ziemssen.)

5. The contractions are iDroduced in many cases only by direct excitation of

the muscles; and not by excitation of the corresponding motor nerves.

—

( Neumann, Ziemssen').

(h.) With the return of motility.

6. The excitability by the continuous current is gradually lost with the

return of voluntary movement; and the excitability by induced currents
gradually returns at the same time.

—

(Schuh, Zicmss' n.)

7. The excitability by the continuous current is gradually lost with the

return of motility; but, in spite of the comi^lete restoration of motility,

the excitalnlity by the induced current does not return. The excitability

for both currents, first after the lapse of months or years, returns gradually

and uniformly to its normal standard.

—

{Ziemssen.)

8. The excitability by the indiiced current does certainly return, but
remains less than in the homologous muscles of the healthy side, and is only
manifest on direct muscular excitation. The continuous current permanently
prodiices stronger contractions in the jiaralyscd than in the homologous
healthy muscles, but also only by direct excitation.

—

(Neumann.)
9. The excitability by the continuous current remains undiminished ; but

the excitability by the induced current (for the present at least) does not

return.

—

(Eulenhurg, Ziemssen.)

V. From a theraiaeutic poiut of view, in peripheral paralysis (supposing it

to be curable), that current is the most xiseful to which the muscles i^reserve

their excitability. Those paralyses, therefore, in which faradic contractility

is wholly or in part retained, shoiild be treated by induced currents ; and
those by galvanic currents in which the faradic contractility is lost, but the

galvanic contractiUty retained.

In a further examination of the physical and physiological questions arising

out of the phenomena described, Ziemssen thinks (1), in accordance with
Neumann, that the physical difference between the action of continuous and
induced currents may be expressed as follows:

—

raraJysed nerves and muscles

lose, under certain circumstanct s, their excitability hy electric currents of mornen-
tary duration, even when these are applied in rapid succession and of great

strength. On the other hand, they retai?i their excitahility, and it may even he

increased above the normal for currents of longer duration, even ivhen the latter

possess very little intensity. (2.) Further, he concludes that in peripheral

paralysis, the disturbance of nutrition in the affected nerves atfords the most
important impulse for the genesis of the consecutive changes of excitability to

the electric currents ; and from the cases cited he thinks there is a clinical

basis, especially from the testing with electric currents, to distinguish several

degrees of lesion.

First (Slightest) Degree.—MotiUty diminished or susi^ended. Excitability

for intermittent and constant currents normal. Inconsiderable disturbance
of nutrition, followed by speedy return of motility. The same phenomena
are present during the first week after severe injuries, so long as degeneration
has not yet occurred.

Second Degree.—Motility suspended, faradic and galvanic contractihty

diminished. Shght disturbance of nutrition, early return of motility, and
improvement of the electro-muscular contractility under the employment
of the induced current.

Third Degree.—Motility suspended. Excitability for the induced currit'Ut

lost, for the continuous current retained both by nerve and muscle. Severe
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disturbance of nutrition, commonly followed by gradual loss of galvanic

irritability ; but in wbicli, in favourable cases, the motility, and frequently

also the faradic excitability, quickly return. The most effectual treatment

is by continuous currents.

Fourth Degree.— The excitabihty of the nerves by volition, and by
electric currents of both kinds, is lost ; but the irritability of the muscles for

the continuous current is retained. Complete degeneration of the nerves to

their terminations in muscles. Results of treatment by continuoiis current

doubtful.

Fifth Degree.—For nerves and muscles alike, the excitability for the

will or for both kinds of electric current, is wholly lost. Very severe dis-

turbance of nutrition both in nerves and muscles. Prognosis unfavourable.

It is self-evident, Ziemssen adds, that this division is only superficial ; and
no one can sui^pose that a number of apparently paradoxical phenomena can

receive their explanation in this manner.
For the present, the different condition of the excitability for the will, and

for the electric current in the third degree of disturbance of nutrition, remains

not imderstood; especially the complete return of the volitional influence

during the complete absence of excitability by the electric current ; further,

the opposite action of the two ciirrents in the course of the paralysis, and
the want of coincidence in the phenomena observed in the recorded cases.

Possibly inequalities or differences may exist in the changes in the anatomical,

physical, and chemical condition of the nerves, and may cause the various

phenomena, while they themselves escape our percejDtion. Possibly, also, as

Eulenburg assumes, the motor nerves may possess separate energies for the

different stimuli.

Ziemssen also gives the notes of a case which affords evidence that the

difference of excitability for galvanic and induced currents, is displayed also

in diptheritic paralysis of the velum, and that it affords as little ground for

unfavourable prognosis in these as in other muscles, since the paralysis was
cured by galvanization in fourteen days.

A like difference of reaction to the induced and galvanic currents has

been observed by my predecessor at the National Hospital for the Paralysed

and Epileptic, Mr. J. Netten Radcliffe, and by Professor Hammond, of New
York, in certain forms of infantile paralysis ; and by Mr. J. N. Radcliffe in

other forms of local paralysis than those described by Ziemssen. The thera-

peutical effect of the interrupted galvanic current in the treatment of infantile

paralysis, as observed in the National Hospital and by Professor Hammond,
will be discussed in the chapter devoted to this disease. The following

remarkably interesting case of successful treatment of paralysis of the deltoid

is recorded from the practice of ]\Ir. Radcliffe, in the 'Lancet' for 1866

(vol. ii. p. 5710-

The patient was a blacksmith, aged 25 years. After several days' suffering

from severe " rheiimatic pains," so-called, in both shoulders, but particularly

in the left, he lost suddenly, while working with an ordinary sized hammer
one morning, the power of raising his right arm. When first seen, five weeks

after this occurred, the deltoid and infra-spinatus muscles of the right side

were found to be completely paralysed, and there was some wasting of the

former muscle. The contractility of both muscles under the induced ciu-rent

was annihilated; the electric sensibility was diminished ever the infra-

spinatus, and this form of sensibility, as well as the sensibility to heat, cold,

tickling, and touch, were absolutely wanting in a triangular space (the apex

pointing downwards) over the deltoid, meastiring two inches and a-half at

the base, and five inches from the base to the apex. Under powerful fara-

dization, seven times repeated at intervals of tlu-ee days, not a trace of

contraction could be excited in the paralysed muscles, and the wasting

evidently increased. Electro-pimcture was had recourse to several times,

but a dubious action of some superficial fibres was the only result, Mr.

Radcliffe then tried the interrupted galvanic current. With thirty-five cells
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of a Becker-Muirhead battery, which loroducecl no effect on the healthy left

deltoid and infra-spinatus, a marked contraction of both ixaralysed muscles
was excited : with forty-five cells (also ineffective npon the healthy muscles)
an energetic contraction. Mr. Eadcliffe from this time used the interrupted
galvanic current alone, thrice weekly, and each time about ten mimites,
until it had been applied thirty times. At the end of this period, seventy-five

cells were required to produce the amount of contraction formerly caused
by forty-five ; and under the full force of the current from the primary coil

of a large Stohrer's induction aj^paratus, sKght contraction was produced
in the deltoid. The fiu-ther wasting of the muscles ajjpeared also to have
ceased, although they did not gain in bulk.

At this time treatment was suspended for two months, the patient being
compelled to leave town. In the interval, not only was the httle ground
which had been gained by electrical treatment lost, but the paralysed muscles
had become more and more wasted, and it was now clear that the supra-
spinatus also suffered. The wasting, indeed, was so great, that of the deltoid

barely a filmy layer of fibres could be presumed to remain. Faradization
over the affected muscles did not excite a trace of contraction, and electro-

puncture yielded only doubtful action. But again the interrupted galvanic
current caused marked contraction ; and, pursuing the same course that he
had done before, Mr. Eadclifte used daily for about a dozen times this form
of current only. At the end of the twelve ai)]3lications, on using the full

force of the current from the primary coil of a large Stolirer's induction
apparatus, distinct but slight contraction of the . deltoid and infra-sjiinatus

occurred. From this period faradization of the paralysed muscles was
persisted in four times in the week.
The liistory of this case was not completed in the account given by the

' Lancet ' reporter. lam now able to give the result. The affected muscles
steadily increased in bulk, their electro-contractility improved, and sensi-

bility to the electric current, touch, tickling, heat, and cold retm-ned, and at

the end of four months, the patient was enabled to use his right arm freely,

and retiun to his ordinary occupation. At this time no difierence could
be distinguished between the right and left deltoid, and voluntary control
was as complete over the one muscle as the other; but the electromotility
of the right muscle was not equal to that of the left.

In the autumn of 18G9, this case came imder my observation. During the
interval the man had followed his occuimtion, using with freedom even the
large hammer. But, about four weeks before placing himself under medical
care again, he had begim to suffer from severe erratic pains in the right
arm and forearm, and an inability to wield the hammer freely. In bulk of
muscles and voluntary actioa, no difference could be detected between the
right and left arms. The right deltoid was aj^parently as fully developed as
the left. There was no alteration of sensibility of any form over the right
arm, and all the muscles responded to an induced current of ordinary
strength, an interrupted galvanic current producing no contraction until

its force was raised to a jioint that it would act upon healthy muscles. But
the motor effect produced on the right deltoid by induced currents of equal
strength was mi;ch less than on the left. The case unfortunately was seen
only three or four times, and its further history is unknown.

—

11. T.']
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CHAPTEE IV.

ELECTRO-MEDICAL INSTRUMENTS, WITH REGARD TO THEIR AP-

PLICATION IN PHYSIOLOGY, IN PATHOLOGY, AND IN THERA-
PEUTICS.

The choice of a good apparatus is of great importance in the

practice of localized electrization. To what purpose, indeed,

should we be skilful in the art, if the apparatus at our command
were unable to respond to the requirements of physiological, patho-

logical, and therapeutical research ?

I therefore purpose, in this chapter, first, to examine the pro-

perties that should be possessed by electro-medical instruments

;

secondly, to describe the instruments that I have myself contrived,

and that appear to me to correspond with the progress of medical

electricity ; thirdly, to examine whether the instruments in com-

mon use possess the properties that are required.

Part the First.

the properties which instruments should possess.

§ I. Ally faradic ajjparatus intended for medical iwactice, hut not

])os§essing inimary and secondary coils, or in ivliich these coils

are not constructed after certain proportions of thichness and

length of wire, cannot ftdfil all the requirements of therapeutics.

The foregoing proposition is but a deduction framed from the

electro-physiological experiments, and the facts detailed in § I.,

p. 22 et seq., and which it would be superfluous to reiDroduce, or

even to recapitulate. The proposition cannot be disputed unless

the facts on which it rests can be disputed ; and these have been

submitted to the test of prolonged and public experiment, have

been sanctioned by many academic commissions, and have been

checked and witnessed by a large number of observers, both French
and of other countries. They therefore form part of science, in

spite of some ill-wishers, and of conduct that can only be explained

by ignorance, or bad faith, or malevolence.

I have defined the conditions under which I have worked, in

order to obtain the electro-physiological results that I have de-

scribed. I have stated what, approximatively, should be the

diameter and the length of wire of the two coils for double induc-

tion, in order to endow them with the maximum of their difieren-
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tial properties. It is evidently necessary that any other experi-

menter should place himself under the same conditions of ex-

periment, if he would judge correctly of the value of my electro-

physiological researches and of the deductions drawn from them,

or if he desires to apply them in practice. From this point of

view, at least, electro-medical instruments should be constructed

in the manner that I have laid down.

§ II. The slotv or rapid intermissions of the electro-medioal instru-

ments ]3roduce sjpecial physiological effects, and cannot replace

one another in practice.

In order to make clear the utility or the necessity, the incon-

veniences or the dangers, of faradic currents with intermissions

more or less slow or rapid, it is sufficient to describe the physio-

logical phenomena that are produced under their influence

;

and to frame from these, immediate practical deductions, which

'will be fully borne out by the facts stated in the course of this

volume.

I. Action of the Eapid Intermissions of Querents.

A.— Upon electro-muscular contractility.—A muscle, which re-

ceives the stimulus of a single intermission of an induced current,

contracts, but immediately falls back into complete relaxation.

If this intermission be followed by many others, sufficiently near

together, the muscular contractions follow one another; and the

muscle becomes less completely relaxed between the inter-

missions in proportion as they are less distant. It follows that

the muscular fibres contract more, the more rapid is the induced

current.

It is necessary to guard against the supposition that a current

of rapid intermissions causes more energetic contraction of muscle

than a current of slow intermissions. That such a belief would

be erroneous may be shown by the following experiment. If we
apply a rapid and a slow current alternately to a paralysed muscle,

the irritability of which is undiminished, for example, to the

flexor communis digitorum, and if we attach a weight to the fingers

moved by the muscle, we shall see that the rapid current does not

give the muscle power to sustain a heavier weight than it would

sustain under the influence of the slow current. If, under a raj)id

current, the extent of the muscular contraction is increased, and

if therefore the movement of a finger is more extensive, this is

because, the fibres relaxing little or not at all during the brief

intervals, each excitation shortens them more and more. To
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obtain a more energetic contraction, it is necessary to use a cur-

rent that is more intense.

The muscular shocks produced by the intermissions diminish as

the latter become more rapid ; and at a certain rate of speed the

contraction appears to be continuous, as if it were produced phy-

siologically by the nervous current, that is, by the -will. For this

it is necessary, however, that the rapidity should be extreme
;

since otherwise the resulting movements will resemble a kind of

tremor.

B.— Upon muscular sensibilitij.—I have just shown that the force

of the muscular contraction is not augmented by increasing the

I'apidity of the intermissions. The case is different as regards

the muscular sensation produced ; for this is always augmented by

increasing the rapidity. When a high degree of speed is attained

the sensation becomes very painful, almost tetanic, and is attended

by cramps.

C.— JJpon muscular tonicity.—I have found by experience that

currents of rapid intermission augment the tonic power of muscles,

not only when this power is diminished, as we see it in certain

conditions of disease, but also when the muscles are in their normal

state. This special effect of rapid intermissions, when it is long

continued, may even produce shortening ; and facts on which this

statement rests will appear in subsequent pages. It will then be

seen how I was led to observe this phenomenon, and also that, in

order to produce it, the currents must be of extreme rapidity.

D.— Ujyou muscular nutrition.—The nutrition of muscles some-

times becomes very much increased under the influence of currents

of rapid intermission. The cases of muscular atrophy or of atro-

phic paralysis, in which I have compared the effects of currents of

slow and of rapid intermission, place this statement beyond doubt.

However, it is necessary to use the latter with circumspection ;

because, in certain morbid conditions, they may destroy the re-

maining innervation of the muscles.

E.— Upon electro-cutaneous sensiUlitij.—It is enough to experi-

ment upon one's self in order to be convinced that the electro-

cutaneous excitation increases in direct proportion to the rapidity

of the current rather than in proportion to its intensity.

To complete the account of the influence of the rapid inter-

missions of an electric current upon the sensibility, I should add

that, generally, every organ that receives the nerves of animal life

is excited by any current, the more painfully the more rapid are

its intermissions.

Finally, the muscles of organic life—of the intestines, for example

—contract more powerfully if the intermissions are more rapid.
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11. Indications and Contra-indications for Eapid
Intermissions.

A knowledge of the foregoing facts enables us to foresee the

numerous indications or contra-indications for rapid intermission

of the currents ; and I proceed to set forth what a long and daily-

experience has taught me upon this subject.

A.— Cases in ivJiich the emfloijmeni of rapid intermissions is in-

dicated.—(a). The property possessed by rapid intermissions, of

producing artificial contractions which perfectly imitate voluntary-

movements, enables us to employ them in the study of the indivi-

dual actions of muscles. But it will be seen that such researches

require the employment of an intermittent current of extreme

rapidity, especially for the muscles of the face. The magneto-

electric instruments, the intermissions of which are scarcely of

sufficient rapidity to produce contractions without tremor of the

muscles of the limbs and of the trunk, have been insufficient for

my researches upon those of the face. The constant quivering of

the facial muscles, when excited by the currents from such instru-

ments, forbid one to observe exactly the individual influence of

each one upon expression.

(&). The study of the physiological action of slow and of rapid

intermissions has shown that we can, by the aid of the former,

act with more or less energy upon the contractility or the sensi-

bility of muscle. For, since every electric excitation of a muscle

necessarily produces at once a sensation and a contraction, we
may diminish at pleasure the force of the contraction, and may
increase the sensation, by combinining the current of the primary

coil, the special action of which upon muscular sensibility is known,

with rapid intermissions, or vice versa.

The power of energetically arousing the muscular sensibility by

the aid of rapid intermissions finds its most useful applications in

cases in which the muscles have lost their sensibility. Such cases,

as I shall have occasion to show, are not infrequent ; and I shall

hereafter, cite numerous examples.

I have often found muscles which, whether deprived or not of

the power of voluntary movement, were completely insensitive to

the electric excitation ; so that I was able to produce very ener-

getic contractions by the application of the most rapid currents,

without the patients being conscious of them. The skin covering

such muscles was also in some cases insensitive ; but in others it

retained its normal sensibility.

Patients who are deprived only of the sensibility of the skin

(antesthesia or analgesia) preserve their consciousness of the move-
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ments which they execute or which are impressed upon their limbs.

They feel blows which affect the deeper tissues ; and their feet,

when resting upon the ground, appear to them as if placed upon
a soft surface, such as that of a carpet. We also see them stamp
upon the ground in walking, so as to feel it better. If they are at

the same time deprived of the cutaneous, the muscular, and the

articular sensibility, and if the bones are also insensitive (a con-

dition the existence of which I have ascertained by electric excita-

tion of the osseous surfaces), they do not feel even the most violent

blows, they have no consciousness of their movements, they cannot

maintain an upright posture, except by looking at the ground which

they have ceased to feel ; and, in bed, they are unconscious of

their limbs, unless they see them.

(Jase XVIII.—I have seen, iu La Charite, a patient comiiletely anfesthetic

and analgesic, who felt as if she were suspended in the air when she ceased
to see the bed on which she was i^laced. This caused her continual terrors

at the moment of falling asleeji ; for, not seeing the bed, she believed herself

in danger of falling, and could not be re-assured until she had ascertained by
sight that she was actually lying upon a solid bed.

The most intense induction currents are powerless against these

profound lesions of sensibility, unless their intermissions succeed

each other with great rapiility. The patient above referred to

had suffered from general insensibility for many weeks ; and was

very quickly cured by currents of rapid intermission, the re-com-

position of which was effected in the muscles, the nerves, and the

bones. I should add that I had previously faradized her with

slow intermissions, but with no benefit, the power of the instru-

ment being at its maximum.
It is especially in that common affection, cutaneous anaesthesia,

that rapid intermissions are necessary in order to obtain the

therapeutic influence of the induced currents ; without them we
should fail nearly always, notwithstanding the use of the current

of the second coil, graduated to the maximum.
(c). I have employed, in therapeutics, the singular property

possessed by rapid induced currents of increasing the power of

muscular tonicity, a force which never sleeps. It is this tonic

force which, in the absence of voluntary contractions, forms the

physiognomy, and maintains the natural attitudes of the limbs

;

and which, if diminished or increased, will disarrange their ad-

mirably combined mechanism, as happens in muscular pathology.

This, indeed, shows us the correctness of these assertions ; we then

see the muscles contract, or lose more or less of their tonic force
;

they are springs which have either become tense or have relaxed

themselves ; if I may be pardoned the use of a comparison that is
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trivial, but accurate. The physiognomy then loses its stamp of

individuality ; the limbs assume vicious attitudes. It is under
such circumstances that, in order to re-establish the harmony of

the visual traits, or to correct certain deformities of the limbs,

I have rendered tense, so to speak, these muscular springs, some-

times by acting upon the relaxed muscles, sometimes by opposino-

artificial contraction of the antagonists to the contraction caused

by disease ; in either case by means of induced currents of extreme
rapidity. This new and very important subject will be fully

treated in a subsequent portion of the volume.

(d). Lastly, experience has shown me that the use of currents

of rapid intermission is necessary in the treatment of certain

forms of muscular atrophy, whether they may be complicated

with paralysis or not. When, however, a muscle has in great part

undergone fatty, or granular, or grauulo-fatty degeneration, and
when there only remain a very small number of its fasciculi or

fibres, I have observed that the rapid intermissions have hastened

its destruction.

B.— Conditions in ivhich rapid intermissions are contra-indicated.

The utility and even the necessity of induction currents of rapid

intermission has been perfectly established by the foregoino- con-

siderations. Unfortunately, every medal has its reverse ; and the

very properties of these rapid currents render their employment
dano-erous or difficult in certain cases.

{a). There is a period at which cases of paralysis of ceiebral

origin may be advantageously treated by local faradization ; and
it is when tlie primary lesion has disappeared or is diminished.

Tlie hsemorrhiigic effusion, for instance, will be absorbed, entirely

or in part, after the lapse of six months or a year. There will

only be left, in the brain, a cicatrix, or a cyst of small dimensions.

The influence of the brain is transmitted freely, or with diminished

difficulty, to the muscles; but these no longer react to the in-

fluence of voluntary excitation. In such a case, the paralysis may
be considered as limited to the muscles ; and then localized fara-

dization, as I have shown, will restore their aptitude for motion.

But how can we determine exactly the state of the brain ? It is

never possible to say at once that there is not, around the cyst,

some remnant of inflammatory action, undergoing resolution, but

which a spark may rekindle into flame. We know that the

occurrence of a cerebral haemorrhage predisposes to a second, in

consequence of the pathological conditions which exist in the

vascular system or the heart ; conditions which produce either
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arterio-sclerosis, or miliary aneurisms, or embolisms. We know,

also, that any excessive general excitement may recoil npon the

nervous centres, and may produce accidents of the same kind.

The employment of an apparatus with rapid intermissions, and

that acutely excites the sensibility, is therefore very dangerous in

the treatment of cerebral paralysis. Of this fact I had melancholy

proofs at the commencement of my researches.

It follows, consequently, that in forms of paralysis of cerebral

origiu it is necessary to be very circumspect in the use of localized

faradization, and to avoid exciting too acutely the general sensi-

bility, under pain of exposing the patient to serious mischances.

And, as we know, faradization by rapid intermission does excite

the sensibility acutely.

Because currents of rapid intermission might be dangerous or

inapplicable in the treatment of cerebral paralysis, it does not

follow that such cases ought not to be subjected to localized

faradization. We must remember that it is possible to produce

by faradization very energetic contractions, without causing any

severe pain, if only the intermissions are sufficiently far apart (one

or two in a second, for example). Practised thus, with slow inter-

missions, the faradization exposes the patient to no danger, and

may on the contrary olten be of great utility.

Raj)id muscular faradization is only required when the muscles

have in various degrees lost their sensibility, or when their nutrition

is endangered. But their sensibility is rarely affected in cases of

cerebral paralysis ; and, as regards their nutrition, I shall show

hereafter that the muscular fibre remains intact in such cases.

We cannot consider as a lesion of nutrition the wasting that some-

times occurs, and that is due solely to prolonged inaction.

(h). Even when the state of the nervous centres in no way contra-

indicates the use of rapid intermissions, it is never a matter of

indifference whether faradization is practised \Aith or without pain.

There are patients who, either from want of couiage, or from

nervous excitability, cannot bear pain. Such, for example, are

women and children.

If, on the one hand, the power of currents of rapid intermission

to increase the tonic force of muscles, and frequently to occasion

their contraction, is sometimes useful in tlierapeutics
;

yet, on the

other hand, it may occasion great mischief. I shall show by

examples, that when applied to the face it has produced, in

some instances, contractions that have occasioned permanent

deformity.

(c). Lastly, there are a great number of instances in which we

desire only the application of a very small number of isolated
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intermissions ; as when we endeavour to excite the membrana
tympani, in the treatment of deafness.

To sura up, such considerations show abundantly that faradiza-

tion by rapid intermissions has numerous useful applications in

physiology and therapeutics ; but that in certain cases, when
applied to the excitation of muscles, it is attended by dangers
arising from the accidents or the deformities which it may occasion,

and that then it may be advantageously replaced by currents of

slow intermission.

§ III.

—

In a great number of cases the apparatus used for faradiza-
tion cannot he too i^oiverfid.

What should we understand by tlie power of an induction

apparatus? and how should this power be measured?
An apparatus is powerful when it acts with energy upon the

muscular contractility, upon the sensibility of the skin, of the

muscles, of other subcutaneous organs, and of the retina ; and
when it is able to traverse a considerable thickness of tissue, so

that its recompositions may occur in deeply seated organs.

We are now aware, from the facts and considerations already

set forth (Art. III., Cha}). I.) that the different actions of induction

currents that are applicable in practice are only found combined
in an apparatus of double induction, the coils of which are con-

structed in certain proportions, and that the energy of these

different actions, specially exerted, some by the first coil (the

extra current), the others by the second coil (the induced current),

are in direct ratio to the length of the wires. It therefore follows

tliat the power of an induction apparatus is necessarily propor-

tionate to its size and weight. Unfortunately \\e have as yet

discovered no means of producing a powerful induction by means
of a short length of copper wire.

We may, however, be deceived by appearances if we judge of

the power of an apparatus by its size and weight alone, and without

actually testing it. And, for the latter purpose, the time has

passed by at which it was sufficient to take a rheophore in each

hand. It is necessary, if we wish to know the exact degree of

power exerted upon this or that function, to direct and limit one

or the other current of the apparatus upon its organ, and to

proceed with such experiments in the manner that I have already

laid down.

I now proceed to prove, by a few examples, the truth of the

statement which forms the heading to this Section, that in certain

cases the induction apparatus cannot be too powerful.
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I have shown in the second chapter that when ek^ctric excitation

is localized in organs or tissues situated beneatli tlie skin, the

recomposition of the current occurs at a greater depth, the greater

the degree of its tension. It ibllows that a current, the tension

of which is too feeble, will not penetrate to the muscles if the

subcutaneous areolar tissue 0]3poses to it too great a thickness,

either from the deposition of fat or from serous infiltration. In-

deed, the instances in which the thickness of the areolar tissue

opposes a great resistance to electric currents are not rare, espe-

cially in the lower limbs. It has even happened to me that the

tension of my most powerful faradic apparatus has been insufficient

to overcome this resistance, and that I have been compelled to

call to my aid the more penetrating tension of a Leyden jar. It

is on account of such cases that a faradic apparatus cannot be too

powerl'ul. It must be remembered that, whatever be the degree

of tension, the apparatus may always be used without too much
pain, if only care be taken that the intermissions are sufficiently

distant.

There are also pathological conditions against which the

apparatus cannot be too powerful. Among the forms of paralysis

caused by injury to the nerves there are some which deprive the

muscles of all their properties, so that they have completely lost

both contractility and sensibility. The skin, and even the bones,

are equally rendered insensitive, and the paralysed limb becomes

shrivelled and as if death-stricken. In such cases, of which I have

seen many, and which I have made the subjects of special investi-

gation, it has been necessary to have recourse to an apparatus of

enormous intensity, and I have even had to regret the want of one

still more powerful. It was only after I had recalled some life to

the limbs that I was able to diminish the intensity of the current,

and that an apparatus of medium power became sufficient. Other

muscular affections also, of a different kind, of which there will be

due notice in the course of the volume, require the use of very

powerful instruments.

Hysterical anaesthesia of the skin may be cured, in general,

with an apparatus of ordinary power, provided that the inter-

missions are extremely rapid. But I have met with a certain

number of such instances, and also with cases of cutaneous anaes-

thesia of a different kind, which have resisted currents of medium

intensity, and have only yielded to an apparatus which acted in

the most energetic way upon the sensibility of the skin.
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§ IV.

—

Every apparatus for faradization should possess a means of
graduating the dose of electricity exactly, and proportionately to

the degree of excitability of the organs; a degree which ivill

vary with the state of health and tvith the nature of the disease.

The considerations already set forth, in the second chapter, with

regard to the special excitability of different organs, of the muscles,

of the nerves, and of different regions of the skin,—an excitability

varying with the state of health, and with the nature of the disease,

—these considerations should suffice to show the importance and

the correctness of the proposition that is formulated above.

How, indeed, would it be possible to limit the electric force

to any given organ, unless the apparatus were so constructed as to

allow us to apportion its proper dose to each ? I will make this

more clear by examples. In the normal condition, the cervix

uteri, the bladder, and the rectum, are but little sensitive, while,

on the other hand, the weakest currents act energetically upon
the sensibility of the muscles of the face. Between these extremes

there exist intermediate degrees proper to other organs. To be

convinced of this, we need only compare the differences of sensi-

bility and contractility which exist between the muscles of the

face themselves, although the least excitable of these muscles is

infinitely more sensitive than those of other regions. We shall

find that each facial muscle is endowed with a special degree of

excitability, which requires an electric dose that cannot be exceeded,

if we wish to obtain only partial contractions, without the pro-

duction of too acute pain. (I need not recur to this subject, after

what I have already said in the second chapter upon the degrees

of individual excitability of the muscles of the face.) We shall

understand the absolute necessity of giving to induction instru-

ments a means of exact graduation, upon a sufficiently extended

scale, if Ave bear in mind that the degree of excitability varies in

each of the regions, and even in eacli of the points, of the face.

Besides the differences in the excitability of organs, we must
consider also the differences which exist in the anatomical state of

the tissues on which we act (the greater or less thickness of the

skin, of the areolar adipose layer, and of the aponeuroses to be

traversed, and of the muscular layer in which it is desired to

localize the excitation),—an anatomical state that must be known
in order to produce, with any certainty, the electric recomposition

at any stated depth.

But the graduation will not be exact, unless there be an

arithmetical proportion between the divisions of the graduator and
the progressive force of the apparatus.

E
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Tlie graduation should be made upon a scale sufficiently extensive

to measure every degree of intensity of the current, in proportion to

the degree of excitability of every organ.

It is, therefore, necessary that a faradic apparatus should admit
of being rendered very powerful or very feeble, according to the

indications to be fulfilled, and by the aid of an independent system

of graduation, calculated exactly to measure and to distribute

either powerful or feeble currents.

Lastly, it is necessary, in a volta-electric apparatus, that the

initial force of the battery should always act with the same degree

of intensity, or, at least, that its intensity should be known to the

operator. But the battery which works a volta-faradic apparatus

will be more or less constant, accordingly as its acids are more or

less concentrated, accordingly as it polarises or exhausts itself

more or less quickly, or accordingly as it becomes more or less

choked by imperfectly conducting crystallized salts. We may see

that, with such variations in the initial force, the measurement of

the electric doses becomes illusory, and that hence it is impossible

exactly to formulate the doses of electricity wliich may properly

be administered to every organ.

Such are the principal properties which should be found united

in every faradic apparatus intended for electro-physiological or

pathological study, or for therapeutical employment. There are

yet others which it is very important to obtain. Thus, the instru-

ments should be portable, easy of management, and moderate in

price. But, as these conditions involve no scientific question, I

have not thought it desirable to discuss them in this place, and

shall return to them hereafter. Although secondary, they have

very great bearing upon the practice of medical electricity.

In the first edition I added to the account of the different proper-

ties of the several currents of the induction apparatus, a critical

examination of the instruments then in use in medical practice

;

and showed that they did not combine the whole of tlie conditions

necessary for localized faradization, or for the application of this

kind of electricity to my electro-physiological researches ; and

that they did not fulfil the requirements of electro-therapeutics.

This critical examination has borne its fruits. In fact, the

utility of the employment of localized faradization in the study

of muscular pliysiology and pathology, and the general diffusion of

electric treatment, have produced great activity in the commercial

manufacture of induction instruments. Hence it has followed, that

physicists and manufacturers—the former to aid in the growth of

knowledge, the latter to obtain the patronage of physicians—have

alike striven to improve the instruments and to bring them to
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perfection. The number of induction instruments produced, and

variously improved or modified, has so increased, both in France

and in other countries, that to describe them would require me to

enter into details which would carry me far beyond the limits I

have set to my task. The laudable efforts referred to have pro-

duced some highly ingenious forms of apparatus. Unfortunately,

the inventors have chiefly sought to diminish size and price, and

have not always been sufficiently impressed with the importance

of the most recent requirements of science and of therapeutics

;

requirements arising from the method of localized faradization,

and from the discovery of the several properties of the currents of

the different coils.

The critical observations that I made upon the instruments in

general, were founded upon long experience of those wliich then

were chiefly used. It seemed to me that the very severity of my
criticism imposed upon me a new duty,—that of endeavouring to

produce instruments that should be better. For this reason, I

devoted myself with ardour to a new order of researches, in little

harmony with my habits, and which would even have been very

irksome, if I had not possessed some aptitude and taste for

mechanics, and if I had not kej)t constantly before my mind the

realization of a single idea,—the localization of the electric force in

organs, and its application to medical science.

1 therefore set myself to frequent workshops, in which I

acquired many of the secrets of manufacture ; and, after several

trials, I was able to produce instruments made by my own hands,

although I had previously never used a file or a hanuuer. From
these models I have drawn the designs for the volta-faradic and

magueto-faradic instruments which have been skilfully manu-
factured by MM. Charriere and Deleuil. Since then, they have

undergone new and important modifications, all of which will be

described in the next part of this chapter ; while, in a subsequent

part, I shall pass in review the instruments that are chiefly

employed, and subject them to critical examination.

Part the Second.

the author's large double-current volta-i^aradic
apparatus.

My double-current volta-faradic apparatus was, in its original form,

somewhat complicated ; and it underwent the fate of every new
mechanical contrivance. The number of its connections rendered

a description difficult to understand, and, although the metliod of

setting it in action was very simple, occasioned frequent derange-

R 2
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ments. The use of this primitive instrument having shown me all

its faults, I was led to make successive important modifications,

which have produced perfect simplicity of construction, and have

consequently diminished the frequency of accidents capable of

arresting the course or diminishing the power of the current.

Moreover, the modified instrument presents a more perfect

system of graduation, and more varied methods of producing more
or less rapid intermissions.

In order better to explain the importance of the alterations, I

have represented the original instrument in fig. 51 ; and the

Fig 51.— Large double-current vulta-faradic iustruiueut. JJucheime's original model.

perfected instruments in figs. 52 and 55. In the former, the coils

are concealed by a covering ; in the latter, they are exposed to

view.

§ I.

—

Description.

A.

—

Large volta-faradic apparatus dosed (latest model.)

The first model of the volta-faradic apparatus (fig. 51) ^ was

composed—1, of a flat battery, ; 2, of two superposed coils ; 3,

of a graduator formed by the external movable coil, which could

be moved upon the internal coil by means of the stem K ; 4, of a

magnetic rheoraeter, V ; 5, of a toothed wheel, D, fixed to a little

plate shut within the drawer U, and which, when required for use,

could be lifted up, as in fig. 51 ; 6, of a trembler, A.

The last model (figs. 52 and 55),'^ differs from the foregoing, 1, by

5 This apparatus was presented to the
Academy of Sciences of France, in 1848,
by M. Despretz.

^ This modified apparatus was pre-

sented to the Academy of Medicine of
Paris in 1850.
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Fig 52.

the suppression of the toothed wheel D, fig. 51, which is replaced

by a pedal rheotome Y, fig. 52, the mechanism of which will be

explained hereafter, and which has rendered it possible to dispense

with the numerous connections of the first instrument, and much
to simplify the construction ; 2, by a graduation, acting by means

of a tube of copper, B, which covers more or less of the two coils

which afford the double induction ; 3, by the use of a tube, F,

containing water, and called the moderator, which, in combination

with the graduator tubes, renders it possible to measure the smallest

doses of electricity, as well as those that are larger; 4, by the use of

a commutator of the coils, E (fig. 55), the use of which will be ex-

plained ; 5, and last, by a considerable modification of the battery.

I proceed to the description of the apparatus as modified by

these changes, and with reference to figures 52, 53, 54, 55, and 56,

for illustrations of the several parts.

Fig. 53.
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The apparatus is set in action by a battery composed of three

pairs of elements. These are enclosed within the drawers, U and

U' (iig. 52). There are two pairs in the upper drawer, and one in

the lower (fig. 54.)

Each pair is composed of a carbon plate, C C (fig. 53), fixed to a

cell of hard caoutchouc, and of a zinc plate, ZZ', of the same

surface as the carbon, and separated from it by a cloth dia-

phragm.

The platinum wires which form the carbon contacts are arranged

as in the small instrument (p. 267), while the zinc contacts differ

in each of the pairs:—1, in the lower drawer, U (fig. 52), a strip of

iron, h (fig. 54), rivetted and soldered to the zinc Z, is bent

upwards at a right angle at its anterior extremity, in such a way
that, when the drawer is closed, the iron comes in contact with

a small plate of platinum fixed in the front of the apparatus on a

level with the knob L ; 2, in the further compartment of the upper

drawer, the zinc Z (fig. 53) is also prolonged by a strip of iron, h.

This strip is also bent upwards at a right angle at its anterior

extremity, and, when the drawer is closed, can be brought in

contact with another small plate of platinum fixed in the front of

the ajiparatus on a level with the knob G ; 3, lastly, the zinc Z'

(fig. 53), of the pair in the front compartment of the upper drawer,

rests on a platinum wire whicli winds over the posterior wall of the

cell, and comes in contact with a double spring, a, fixed to the

partition of the drawer, which spring, in the farther compartment,

rests by a platinized surface upon the carbon C. The left-side

drawer is absent in the figure, in order to display the arrangement

of the parts forming the two pairs.

2. The two supei-posed coils forming the system of induction are

composed of two copper wires, differing in diameter and in length,

and covered with silk.

The thicker and shorter of the two wires (half a millimetre in

diameter, and 200 metres in length) is rolled around a bundle of

soft iron wire, so as to form a coil. The extremities of this copper

wire, which produces the current of the first coil (the extra-

current of authors), terminate upon two small plates of platinum,

fixed to the apparatus at the level of the knobs E, L (fig. 52),

which are the positive and negative poles of the battery enclosed

in the drawers U and XT'.

The finer and longer wire (one tenth of a millimetre in diameter,

and 1000 metres in length) is rolled around the one preceding. It

gives origin to the current of the second coil (current of the first

order, of authors) ; its extremities terminate at the two springs of

the commutator of the coils.
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3. The commutator E, represented iu fig. 55, but not shown in

fig. 52, is intended to transmit, rapidly and alternately, the current

either of the first or of the second coil to the conductors attached

to the knobs P and Q. It is unnecessary to describe it here ; and

it is enough to say that, by turning the needle F (fig. 55) to the

right or the left, it conducts one or the other current to the rheo

phores ; as, indeed, is shown upon a plate situated above the

needle.

4. The graduator B (fig. 52) is a cylinder of copper, which

surrounds the coils, and which has a scale marked upon its upper

part. The knob B', fixed to its extremity, is a handle by which it

can be drawn out or pushed back.

5. The moderator is a glass tube, F (fig. 52), terminating below

in a metallic basis to which is attached a knob, I, and above, in a

collar, K, from which proceeds a hook, which serves to connect the

moderator with one of the knobs, P, which receive the conductors

to the rheophores, and in which the poles of the coils terminate.

In the collar is a small opening, traversed by the stem of the

moderator J. The tube is filled with water.

6. The trembler is composed of a piece of soft iron, A (fig. 52),

and of a platinized screw, S, against which the soft iron is pressed

by a small spring.

The pedal Y (fig. 52), which replaces the toothed wheel, D (fig.

51), is to allow slow intermissions to be produced with the foot;

an arrangement which leaves the hands of the operator free, either

to hold the rheophores or to graduate the currents.

8. The magnetic rheometer measures the intensity of the initial

current. It is a compass divided into four parts, of which each is

subdivided into ninety degrees. The rheometer no longer forms

part of the apparatus.

B.

—

Large uncovered volta-faradic apparatus.

I have represented in fig. 55 an instrument which has its coils

exposed. It differs from the common form (fig. 52) in the manner

following :—1. It has no external covering, so that we may see the

arrangement of the coil A, and the movement of the cylinder B
over it. 2. It possesses two graduator tubes ; one, B, which acts

u]3on the second coil ; and another, C, which disables the primary

coil. 3. Its core of soft iron, D, is movable, and may be with-

drawn (fig. 56), so that we may study the influences of the tubes

B and C, independently of temporary magnetization. 4. Besides

the commutator of the coils, E, it possesses a commutator of the

poles, H, forming part of its structure, and by which the direction

of the currents may be rapidly changed without displacing the
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Fig. 55.

Via. 56.

Fig. 55.—Large uncovered volta-faradic apparatus. Fig. 56.—Bundle of soft iron wire.

rlieophores. This commutator has also otlier advantages, which it

is unnecessary here to describe. 5. The trembler (fig. 57) is so

constructed that the rapidity of the intermissions can be pro-

gressively increased, from four or eight in the second, to an almost

incalculable number in the same period of time.

The battery is independent of the coil, and can be fixed to the

latter by the hooks M M (fig. 55). It is formed as already de-

scribed, but of four elements instead of three. The coil, like the

former one, can be worked by any battery whatever."

§ II.

—

Manner of setting! the apparatus in action.

1. Since 1861, as I have already stated, I have entirely aban-

doned the use of sulphuric acid for my flat batteries ; and have

used only the bisulphate of mercury. In order to charge the

battery, water must be poured over the carbon until it is well

saturated ; we then spread over its surface the bisulphate of mer-

cury, in sufficient quantity to form a layer about half a millimetre

in thickness, and we moisten this with a little water. We next

place upon the bisulphate the cloth diaphragm, first wetted with

water, and over tliis the plate of amalgamated zinc, which then

comes in contact with the platinum wires. Thus prepared, the

' The large uncovered apparatus at my
own house is worked by a sulphate of lead

battery of twenty pairs. So powerful a

source of electricity is not necessary ; but

this battery also maintains in action my
electric clocks and chamber telegraph.
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elements are placed in the compartments for which they are des-

tined ; and which are distinguished by numbers marked on the

sides of the caoutchouc cells (see figs, 53 and 54). Lastly, the

drawers must be shut (U XT', tig. 52) and the button A' turned in

such a manner that its bar assumes a vertical direction and pre-

vents them from opening. The communications of the elements

of the battery with each other, and with the circuit of the primary

coil, are then established in the following manner.

The zinc of the pair of elements in the lower drawer, which is

the negative pole of the battery, corresponds to the knob L (fig.

52), and the platinum contact of the carbon of this pair communi-

cates with the spring of the piece of copper by which it is screwed

to the knob N. But, as the knobs N and G are opposite the two

small platinized plates that are seen on the right side of the front

of the apparatus above the drawers U U', and as these two plates

are connected by a copper wire, if we turn the knobs N and G
from left to right into contact with the plates, they connect the

carbon of the pair in the lower drawer with the zinc Z (fig. 53) of

the farther pair of the upper drawer. Lastly, the carbon of the

latter pair being placed, as I have said already, in communication
with the zinc Z' of the front pair, by means of the double spring a,

and the platinum wire of the carbon of this last pair being in

contact, through a spring, with the knob E, this becomes the posi-

tive pole of tlie battery. The small plates of platinum, which are

fixed to the front of the apparatus on the left, receive the ex-

tremities of the wire of the primary coil ; so that, by turning

the knobs E and L, which are the poles of the battery, from left

to right into contact, the current of the battery passes through the

wire of the primary coil.

It therefore suffices to place in their respective compartments

the three pairs of elements, charged with bisulphate of mercury

as described, to shut the drawers U and U' (fig. 52), to turn the

knob L' from left to right (for a reason that will be declared here-

after), and lastly, to turn into contact the knobs E, G, L, N, in

order that the battery current may pass through the wire of

the primary coil, or, in other words, that the circuit formed by the

battery and the primary coil may be completed.

The apparatus may be worked with only the two elements of

the upper drawer U' (fig. 52) ; when it will still possess very con-

siderable power, and will fulfil the ordinary requirements of practice.

We must then take care to turn the knob L' (fig. 52) from left to

right into contact, in order to su]3press the elements of the lower

drawer U, which may be used as a place for the rheophores and
the conductors. It is unnecessary to say that when we wish to
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use tlie three elements of the battery, for cases in which great

power is required, the knob L' should be turned back in the con-

trary direction.

2. If it be desired to obtain rapid intermissions of the trembler

A (fig. 52), we turn from right to left the knob C which fixes the

movable j)late, and then turn froin left to right the buttons E, G,

L, N, so as to bring them into contact with the pieces of platinum

to which they correspond. When this is done, the plate oscillates

rapidly between the screw S and the temporary magnet of the

central coil.

If intermittences more or less separated from one another are

desired, the arrangement is made as before, except that the button

C is turned from left to right, so as to render the plate A of the

trembler immovable, and the button L from left to right, so as to

separate it from its platinum connection. We then connect with

this button one of the conductors fixed to one of the knobs, 1, of

the pedal rheotome Y, and the other conductor, from the knob 1'

of the rheotome, is attached to the button L'. It is then only

necessary to govern with the foot the spring contact 2 of the

pedal rheotome, in order to make and break contact at pleasure.

It is, therefore, perfectly easy to obtain intermissions separated by

any desired interval.

3. When the graduator B is entirely contained within the in-

strument, the currents are at the minimum of intensity; and, in

order to increase them, it is only necessary to draw out this tube,

either by millimetres or by centimetres.

4. The apparatus being in action, the conductors must be fixed

to the knobs P and Q, to which, according to the indications to be

fulfilled, we bring the current of either the primary or of the

secondary coil, by turning to the right or the left the needle of

the commutator. To the free extremities of the conductors are

attached the rheophores, cylinders, metallic brushes, &c, &c.

5. If it be desired to faradize very excitable organs, or to

measure infinitely weak doses, the upper part, K, of the moderator

r must be connected with one of the knobs P or Q, and one

of the rheophores with the lower part of the moderator I. Then,

the more we draw up the stem J of the moderator, the greater

will be the thickness of the water traversed by the current, and

the more the latter will be weakened. The current may then be

divided and measm*ed by the tube graduator B.

6. In the intervals between faradizations, we interrupt the cur-

rent by turning back the screw E, so as to preserve the force of

the pile. At the same time, plates of hard caoutchouc must be

placed between the cloth and the zinc, care being taken to wipe
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the latter, if the apparatus will not be required again for some

hours. It will be observed, after being wiped, that the zinc has

become amalgamated by the action of the battery itself.

A battery of sulphate of mercury, thus charged, will last for two

or three weeks, and may be used for several hours a day, without

any other care than to renew the moisture of the cloth, and to

move a little, every day before use, the paste of mercury upon the

carbon. It is also desirable to maintain the platinum connections

in a state of cleanliness.

When the mercurial paste is quite decomposed (its colour, ori-

ginally yellow, will then be green) the carbon and the cloth must

be washed, and the battery charged with fresh deuto-sulphate as

before. If the battery belonging to the apparatus has undergone

deterioration, or is in need of repair, the coil may be put in action

by any other (either a Daniell's, a Bunsen's, or a sulphate of lead).

It is only necessary to connect the poles of the substituted battery

with the knobs E' and L' (fig. 52), which receive the terminations

of the wire of the primary coil.

§ III.— Theory of the authors volta-faradic a^^aratus.

If the battery be inclosed in the apparatus, with no interruption

either by the pedal or the trembler, the battery current, which is

transmitted by the buttons, L, E (fig. 52), to the wire of the central

bobbin, is continuous, and occasions none of the phenomena of

inckiction, althou2:h it magnetises the central core of soft iron.

In this state of things, if we set at liberty the plate A of the

trembler, by turning back the screw C, that plate is attracted by
the magnet of the bobbin. At the same instant, the current being

interrupted, the magnetization ceases, the soft iron of the trembler

is driven back against the platinum point of the screw S, by a

spring, and restores the current, which produces a fresh magnetiza-

tion. These temporary magnetizations, and these breaks in the

current, succeed each other with extreme rapidity, in the covered

(fig. 52) apparatus ; and with more or less rapidity, at the pleasure

of the operator, in the uncovered apparatus (fig. 55). Although

the theory of the trembler is well known, it is desirable briefly to

state it, in order to explain the mechanism of its several portions.

At the moment when the current of the primary coil is inter-

rupted, we may observe the physical and physiological phenomena

that are produced by virtue of two combined forces ; namely, the

inductive action of the current upon itself, by the mutual influence

of its coils, and by the reciprocal influence of the current and of

the magnetized soft iron of the bobbin.

If the extremities of the fine wire, that forms the outer coil, are
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united by any conducting body, a current will be produced in this

outer coil, and will be displayed, at each interruption to the

current of the primary coil, by the physical and physiological

effects that will be developed in bodies placed within its circuit.

For an account of the theory of the graduation by the metallic

tube B, see further, § IV., C.

§ IV.

—

Exiwsition of the p'inciiyal properties of my large donhle-

current volta-faradic apparatus, and of the principles icliich have

guided me hi its construction.

A.—The Coils.

The two coils of the volta-electric apparatus, just described,

possess the maximum of their differential physiological properties,

by virtue of the proportions of length and thickness that I have

given to their respective wires—proportions that I have learnt by

experience are the best for this purpose.

I have laid down that the power of the coils ought to be very

considerable under certain circumstances, and experience, or

rather the requirements of therapeutics, have compelled me to

increase this power more and more. For this reason, the length

of my coils, which was at first but eight centimetres, has now been

nearly doubled, and the length of their wires has been increased in

proportion (to 1000 metres for the fine, and 200 metres for the

coarse wire). It would be easy to go beyond the power thus

given, but I have not at present seen that it would be useful, and

it would perhaps be imprudent.

Such an increase of strength has necessarily increased the weight

of the instrument represented in figs. 52 and 55; but without

rendering its bulk more considerable.

B.

—

The commutator of the coils.

In my original instruments, the ends of the wire of ench

coil terminated in the metallic knobs (two below for the primaiy

coil, and two above for the secondary coil) to which the conductors

for the rheophores were affixed. It was therefore necessary to

change the attachment of these conductors every time that it was

wished to change the coil. Such an arrangement rendered certain

experiments difficult, and was very inconvenient in practice. It is

much more easy to compare the differential properties of the

currents of the two coils when we can pass rapidly from one to

the other; and it often happens that it is desirable to employ them,

by turns, for the same patient. Nothing is more tiresome than to

have to change, each moment, the attachment of the conductors,
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and to do so wastes a considerable amount of time. Upon such

considerations is founded the usefulness of the commutator of the

coils.

C.

—

Graduation of the induced currents.

Although, as I have shown, a very powerful apparatus is neces-

sary for the treatment of certain diseases, yet sucli an apparatus

would be unfitted for physiological and pathological investigations,

and would eveu become dangerous, unless we were able to appor-

tion electricity to every single organ in accordance with the degree

of excitability that it may possess.

We owe to Dr. Eognetta a method of graduation whieli be

applied to the electro-dynamic apparatus of MM. Breton, freres,

and which permits us to control exactly the dose of electric excita-

tion. It is effected by pushing in or drawing out the central coil

within the external one, so as to produce induction in a greater or

less number of the turns of the latter. I had adopted this method

of graduation for my first volta-electric apparatus (fig. 51), pre-

sented to the Academy of Sciences in 1847, with tlie single differ-

ence that I made the external reel movable, while the internal one

was fixed to receive the system of the trembler.^ I soon discovered,

however, that this method of graduation was not free from incon-

veniences ; for the movable coil necessitated the employment of

movable connections, which were frequently out of order, which

complicated the manufacture of the instrument, and either dimin-

ished, by oxydation, the intensity of the currents, or even inter-

cepted their passage.

A fortunate accident led me to discover a means of graduation

much more simple, and which I applied to my instruments with-

out delay, instead of the method by the mutual influence of the

coils. I made this important discovery in the following manner :

—

At the beginning of my investigations, I had covered a powerful

coil with copper in order to protect the wire. To my great sur-

prise, I found that the coil had lost nearly all its power. I

observed also, that, in removing the covering, the more the coil

was exposed the more its current increased. The fact was a ray

of light ; for, from that moment, the method of graduation by the

metallic tube was discovered. I found, after some experiments,

that the last half of the tube measured the intensity of the current

as exactly as the first ; and that the current increased or dimin-

ished, as the tube was replaced or withdrawn, in exactly arithme-

tical proportion.

* M. Dubois-Eeymond, of Berlin, has adopted the latter system for the graduation

of his induction apjiaratus.
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A second accident led me to tlie discovery that a slit tube lost

its influence upon the current of the coil that it enclosed. The

metal cap of the little instrument, mentioned above, was too tight

to glide easily over the coil, and I split it down its entire length.

I found that it no longer graduated the current. 1 paid no atten-

tion to this phenomenon, which I attributed solely to the vicinity

of the metallic plate ; but I soldered to one of the extremities of

the tube a very fine copper wire, which reunited its edges, and its

properties were immediately almost entirely restored.

I made several other experiments, from which I found that, the

greater the distance between the coil and the walls of the tube,

thus mended by the wire, the less was the iufluence of the latter.

I concluded that, in order to obtain a maximum of diminution

by the metallic tube, it must be as nearly as possible in contact

with the coil.

The external tube, however, did not completely neutralise the

induced currents ; and, indeed, when it covered the coil entirely,

the latter still possessed a very notable force, such that, if the

instrument was one of great power, this force would still be very

considerable. It was a matter of necessity to graduate this

remaining force, on which the external cylinder exerted no

action.

It then occurred to me to try tlie effect of a second tube of

copper, made to slide in the interior of the coil, and covering or

uncovering the bundle of soft iron wire. The excess of induction

current which had not been neutralised by the external tube was

considerably diminished, in this experiment, by the influence of

the internal tube ; and, when I withdrew the latter slowly, I felt

the power of the current increase in proportion. To discover which

of the two tubes exerted the greatest neutralizing influence, I used

them alternately, and compared their effects upon the power of in-

duction. I found tliat the inner tube diminished, much more than

the outer one, the physiological powers of the currents of both the

primary and the secondary coil. It might have been expected that

when the inner tube was once completely inserted, the outer tube

would no longer influence the induced current ; but this was not so,

for I found that the considerable power possessed by the current

when the internal tube was in situ, was very sensibly diminislied, in

proportion as the external tube was pushed over the coil.

In all these experiments I had not observed that the magnetiza-

tion of the bundle of iron wire forming the core of the coil had

been diminished in proportion to the diminution of the physio-

logical power of the induced currents. Thus, a compass being

placed at a given distance from the extremity of the coil, in such



LARGE DOUBLE-CURRENT VOLTA-FARADIC APRARATUR. 255

a manner tliat the axis of the latter was perpendicular to the mag-

netic meridian, the needle was seen to make a considerable devia-

tion at the moment when the core became magnetic as the circuit

was closed. It underwent no further movement, not even the

slightest oscillation, when the cylinders were pushed home, either

together or alternately. This experiment proved that, if the

magnetization was at all diminished by the action of the covering

tubes, the diminution was, at most, extremely slight. Neither could

I discover any diminution of magnetism by testing the power of

the electro-magnet to carry different weights, when tlie coil was

under or exempt from the influence of the tubes. It was only by
the more or less rapid and noisy vibrations of the trembler, and by
the diminished brilliance of the passing spark, that I could deter-

mine that the magnetization of the central iron core was really

diminished by the tubes. This influence is extremely small on

the part of the external tube, by which the noise of the trembler is

very little diminished, even when the coil is entirely covered ; but

the internal tube, on the contrary, diminishes the magnetization

sufi&ciently to impede the motion of the trembler, and to slacken

the rapidity of its beats.

Since I have shown that the copper tubes, placed within or with-

out the coil, influence so feebly the magnetization of the soft iron

at its centre, it follows that their neutralizing power must be

exerted directly upon the induced currents. This view, in fact, is

fully confirmed by experience ; and its accuracy may easily be

shown by repeating the foregoing experiments with a coil from

which the central core has been withdrawn. We may then see

that the tubes act upon the induced currents precisely as when the

core is in its place ; that is to say, they neutralise them precisely

in proportion as they are pushed onwards into or over the coil. It

is not only the physiological power of the current that is then
diminished, but also the brilliancy of the sparks produced by the

intermissions, that is, by the calorific action of the current.

Evidently also, in this instance, the tension of the induced current

is diminished, as may be shown by various experiments, and,

amongst others, by the thickness of the layer of water through
which it will pass, and of which it will overcome more or less of the

resistance, according to the position of the tubes. (It is unneces-

sary to say that, from the fact of the absence of the central core,

the intensity of the currents to be graduated by the tubes is much
less great.)

Each of the tubes exerts a special influence upon the current

to which it is nearest ; tlius, when the central coil is deprived of

the soft iron core, the action of the inner tube is very powerful
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upon its current, but is scarcely appreciable upon that of the

second coil. The outer tube, on the contrary, acts chiefly on the

currents of the second coil. This experiment affords an explana-

tion of the difference in the influence exerted by the two tubes

upon the rapidity and energy of the beats of the trembler. We
can understand that, the magnetization of the iron core being

produced by the current of the first coil, this magnetization must

be more enfeebled by the inner tube, which acts specially upon that

current, than by the outer tube, of which the influence upou the

primary current is almost nil. I shall hereafter point out the im-

portance of knowledge of this phenomenon.

The apparatus with a double graduator tube, and with a double

movable iron core (fig. 55) will serve to repeat the whole of these

experiments.

If it be desired to study the influence of the outer tube B upon

the currents, the inner tube C is drawn completely out from the

coil, as in fig. 55. The outer tube is similarly drawn off when it

is desired to experiment only with the inner one.

A very simple mechanism suffices to unite the two tubes so

that they move together, and cover or uncover simultaneously

the internal and external surfaces of the coil. It follows that the

induction currents are then more completely neutralised than

when the tubes act separately. Lastly, the iron core itself being

movable, it is easy to experiment on the action of the tubes

alternately or simultaneously, either with or without the assistance

of the magnetic force.

To recapitulate : 1. A tube of copper, sometimes called a dia-

phragm, placed in the interior, or at the exterior, of a reel, formed

of a primary and of a secondary superposed coil, and within which

there is no core of soft iron, neutralises the currents in proportion

as it covers more and more of the spirals, and operates as a closed

conductor. 2. The external tube acts specially upon the current

of the second coil, while the internal tube affects principally that

of the primary coil, 3. The tubes diminish in the same degree

the intensity of the currents of the primary and secondary coils,

when moving together in the same direction, as when acting separ-

ately. 4. The presence of a core of soft iron within the reel in no

way modifies the power of the tubes to neutralise the intensity of

the currents ; for if, on the one hand, the magnetic influence of the

iron upon the coils augments this intensity, on the other they

neutralise it proportionately, and as well as when the iron core is

absent. 5. The magnetization of the iron core is very little

diminished when the tubes cover the coils ; from which we may
conclude that the tubes act directly upon the currents of the coils.
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as is also proved by the experiments related above, and that it is

not a diminution of the magnetization of the core that puts a

check upon induction.^

These facts being completely established, I proceed next to their

application. I have no necessity to enter into the most recent

discoveries, in order to display the advantages of the application of

metallic tubes as graduators. It is enough to mention them, in

order to render intelligible their utility and importance in the

practice of localized faradization. The double graduation by the

double internal and external metallic cylinders is certainly prefer-

able to graduation by one alone, since the neutralization of the

currents is more complete when the tubes move together, and

when they cover the coils successively one can use at pleasure a

scale for graduation of double extent.

D.

—

Moderator.

The graduator tube does not completely destroy the current

upon which it acts, so that the scale produced by graduation does

9 Prior to the publication of 'the im-
portant work, Traite" de Ve'lectricite theo-

rique et applique'e, in which M. de la

Hive has set forth the state of the science
with much learning and lucidity, I was not

aware thatHerr Dove, a physicist of great
merit, and professor of meteorology at

Berlin, had instituted, in 1842, researches
into the influence exerted by a copper
tube placed within a coil, and containing
a bundle of rods of soft iron. I believed,

when I laid before the Academy of

Medicine the investigations which form
the subject of this chapter, that I was the
first who had studied the influence of

metallic tubes upon the phenomena of in-

duction. I trust I may be forgiven for

my ignorance about this point in the
history of discovery in physics, when I

rei^eat that I am not a physicist. More-
over, the physicists who have witnessed
my labours, and whom I have consulted
upon the jDoint, have supported mo in my
belief. After having read in the treatise

of M. De la Eive an account of the re-

searches of Herr Dove upon the influence

of metallic masses introduced into a coil,

and having made myself acquainted with
the original work of Dove, I do not now
think it requisite to modify the terms in

which I described my own results in a
memoir addressed, in 1851, to the Aca-
demy of Medicine. 1. Indeed, Herr Dove
has not studied the influences exerted by
metallic tubes upon coils in the interior of
which there is no core. 2. If it be true

that this experimenter discovered that a

metallic tube, introduced into the axis of

a coil, and containing a core of soft iron,

diminished the force of induction, it is

incontestable that he never said that the

influence of the tube increased in direct

ratio to its advance within the coil ; and,

if he had been aware of this, he would
doubtless have plainly stated it, on ac-

count of tiie practical importance ofthe fact.

3. Herr Dove has not tried the etfect

of an external metallic tube, covering

the current of the secondary coil ; and,

in consequence, has not compared the

different action exerted by an inner and
an outer tube, either upon the currents or

ujion tlie magnetization of the iron core.

4. Lastly, this celebrated physicist appears
not to have arrived at the same results

with myself, in the experiments which he
has made with magneto-faradic instru-

ments ; for, according to him, ice do not

see the intensify of the induced current

diminished by introducing a metallic

cylinder tvithin the induction coil, and
over the bundle of iron wires in its axis,

lohen ice magnetize these wires by the

approach of a magnet, instead of by a
voltaic current circidating in the coil. My
own experiments have convinced me that

metallic tubes neutralise the currents of

the primary and secondary c*ils of mag-
neto-faradic instruments, when they cover

their reels, just as completely as tliey do
the currents of volta-faradic instruments.

In the succeeding Part will be set forth a
demonstration of the facts, applied to the

graduation of ray magneto-faradic appar-

atus.
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not commence at zero. The feeble current which remains is

insignificant, when applied to the muscles of the trunk or of the

limbs. But it is no longer so when used for delicate operations, as

for faradization of the facial muscles, or of the membrana tympani,

and for these I use the water moderator already described. After

having diminished the intensity of the current, it becomes possible,

by making this weakened current pass through a stratum of uater

more or less thick, to divide it still further into infinitely feeble

doses. The combination of graduator and moderator has even

enabled me to measure the degree of excitability of each of the

muscles of the frog.

E.

—

Magnetic Rheometer.

The graduator tube divides into exact doses the current given

by either the primary or the secondary coil ; but it does not

measure the force of the initial current,—a force that is liable to

variation from numerous causes, and that therefore produces in-

evitable differences in the force of the induction. To endeavour

to apportion the electricity by the aid of the graduator alone,

seems to be as absurd as to weigh medicines in an accurate balance,

but with false weights.

I employ a very simple means by which to measure the power

of the initial current, and the procedure also indicates the degree

of magnetization of tlie soft iron of the core. The action of that

magnetization upon a magnetic needle forms the basis of my
rheometer. The soft iron is differently magnetised at its extremi-

ties, according to the direction of the current. Let us suppose

tliat the extremity nearest the rheometer becomes the north pole.

The needle, placed as already described, will be made to deviate

from the magnetic meridian by the attraction between its south

pole and the magnetised core, and as the magnetization of the

core is directly as the intensity of the initial current, the degree of

deviation of the needle furnishes an index of both.

I employ the rheometer to measure the force of the initial

current, and to keep it nearly at the same degree. The causes

which may weaken a pile are so various that no form of pile can

be called really and absolutely constant. The rheometer, there-

fore, not only measures the initial force, but renders it possible

always td' operate under the same conditions. The combined

action of the rheometer and the graduator enables us to administer

electric excitation in precise doses. It seems sufficient to enunciate

this proposition, and unnecessary to enter at large into considera-

tions which show that, although the graduator alone measures

nothing, yet its combination with the rheometer affords all the
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conditions of exactitude necessary to formulate the physiological

and therapeutic applications of electricity.

F.

—

Pedal Bheotoyne and TremUer.

As I have shown at the commencement of the chapter, the

intermittences during faradization should be few or frequent, slow

or quick, according to the physiological or therapeutical indication

that is to be fulfilled. Any apparatus that does not provide for

this requirement is incomplete, and may even be dangerous. In

order to meet all wants, I have adapted to my instruments two

varieties of rheotome,—the pedal and the trembler. I have also

described already (page 123, fig. 40) a rheotome that I have

contrived in order to avoid the alternations of an induced current,

and to render it either centripetal or centrifugal.

(a). Pedal. With the pedal (Y, fig. 52) the operator obtains, at

pleasure, intermissions of greater or less rapidity.

For this purpose, I was for a long time in the habit of employing

a toothed wheel attached to the instrument (D, fig. 51), but to

turn this wheel occupied the hand which should be reserved

to control the graduator, the moderator, the commutators of the

coils and poles, &c. For this reason, I have long abandoned

the wheel in favour of the pedal ; more especially as the former

complicated the apparatus, and sometimes became a cause of its

deterioration.

I attach little value, as a rule, to any system of intermittence

that cannot be regulated in accordance with the requirements of

experimentation or of treatment. I have made several small

mechanical rheotomes, in which the motor power was furnished by-

clock-work, which would maintain more or less rapid intermissions

for a considerable time. Experience soon taught me that such

movements could not replace those that were subject to the will of

the operator. Notwithstanding the convenience of the mechanical

rheotomes, I returned to the toothed wheel, and eventually to the

pedal.

On occasions where great precision was required, I have, how-

ever, employed a clock to which a i-heotome was adapted, so as to

give exactly, at pleasure, one, two, three, or four intermissions per

sec(md.^

(&). Trembler.—However rapid we may be able to render the

intermissions by means of the toothed wheel or the pedal, they yet

never reach the speed given by the trembler,—a speed such that

' This rheotome, fitted to an electric
j

rupting the circuit by a common metro-
clock, was made by M. A. Mathieu. The nonie.

same effect has been produced by inter-
j

s 2
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the muscular contraction which it produces appears to be con-

tinuous. The sj)ecial properties of this very rapid movement, and
the energetic influence that it exerts upon sensibility, have induced

me to adopt it as a valuable resource in the investigation of

certain electro-j)hysioIogical phenomena, and in the treatment

of certain dynamic lesions. But the necessary mechanism cannot

always replace the toothed wheel or the pedal, because it may, in

some cases, produce even serious accidents. I hold, therefore, that

every instrument should be furnished with both a pedal and a

trembler.

The common forms of trembler—all of which I have studied—so

often become out of order, and, so to speak, stop so capriciously,

that it would be necessary to abandon their application to in-

duction instruments, if these imperfections could not be overcome.

It has often occurred to me, with certain instruments, to be unable

to proceed with an exj)eriment, or a therapeutical application, on

account of the stopping or the irregular action of the trembler,

—

an apparent caprice, the cause of which I could not immediately

discover.

By increasing the power of the magnetization of the soft iron of

the core, and of the movable piece of iron which produces the

intermissions^ and by rendering the vibration more simple and

easy by a proper adjustment of the force of the spring to the

weight of the movable iron, I have now so well regulated the

action of the trembler that it never fails, in my instruments, if

the power of the pile be sufficient.

Tremblers may be made with or without vibrations. The
tremblers with vibrations are those which, between the inter-

missions, undergo rapid recoils or rebounds, which render faradiza-

tion very unpleasant.

The more painful sensation produced by the trembler with

vibrations renders certain experiments on the muscles more

difficult, even when only a moderate dose is employed. This

trembler, however, may be very useful in cases in which it is

desired to excite sensibility and nutrition very acutely.

I have contrived a trembler of which the beats may be quickened

or retarded at pleasure, so that it may give as few as four inter-

missions in a second, or an incalculable number, passing through

all intermediate degrees of rapidity. I have adapted this trembler

to my uncovered instrument (fig. 56).

Fig. 57 offers a front view of this apparatus, showing the

trembler. One of the extremities of the wire of the primary coil

communicates with the knob E, the other with the screw C. The

movable piece of copper, A, which is pressed back by a spring
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Fig 57.—Front view of the uncovered
apparatus shown in fig. 55.

placed in front of it against the screw C, communicates with the

knob F. As soon as the knobs E and F are phxced in communica-

tion with the poles of a pile, the

current passes through the wire of

the primary coil, and magnetises

its core of soft iron, which attracts

the movable piece of soft iron G.

This draws with it the piece of

copper A, which was resting against

the screw C. A solution of continuity

is produced, demagnetising the core,

and causing the return of A to C.

The current is then re-established,

and the same order of events con-

tinues.

So far it will be seen that the

trembler differs but little from that

of the instrument represented in fig.

52, from which, however, it is dis-

tinguished by the following modifications. The movable soft

iron, Gr (fig. 57), is sufficiently remote from the core to have a

much longer distance to travel when attracted by the temporary

magnetization of the latter. In this condition it will beat only

four times in a second; but, by gradually turning the screw C
from right to left, the distance is progressively diminished, and

consequently the rapidity of movement of the trembler can be

progressively increased at the pleasure of the operator, who is able,

by this simple means, to regulate the speed according to the effect

that he desires to obtain. In order tliat the magnetic force may
exert its attraction when the distance is at the greatest, it is

necessary to increase the bulk of the movable soft iron. For this

purpose, I have attached to the latter an additional bar of soft iron,

fourteen centimetres in length, and which extends over the surface

of the end of the coil, as shown in fig. 57. The magnetization of

the plate G by the iron of the core is then considerably increased,

since the plate forms but one mass with the piece added to it.

When the screw C is tightened, the spring which presses the piece

A against it is sufficiently tense to cause the intermissions to occur

without vibrations ; l^ut, when the spring is relaxed by loosening

the screw, each beat or intermission is followed by a vibration, the

special action of which upon the sensibility I have mentioned

above. These vibrations are such, when the spring is completely

relaxed, that even the slowest action of the trembler (four inter-

missions per second) produces muscular contractions that are
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paiuful, although infrequent. These slow intermissions with

vibration are highly useful when it is desired to act at once upon

the contractility and tlie sensibility or the nutrition of muscles,

and when a current with rapid intermissions cannot be borne by

the patient. For example, when rapid intermissions produce

cramps, and therefore cannot be used, I replace them by slow

intermissions with vibration, which, without being attended by

inconvenience, act with sufficient power upon sensibility and

nutrition.

The slow intermissions with vibration are contra-indicated

whenever it is dangerous to over-excite sensibility. Hence the

aj^paratus that is provided with a trembler for producing them
should have also a rheotorae to give slow intermissions without

vibration.

M. F. P. Le Roux, professor agrege of physical science, has

shown, in an excellent thesis, the importance, in certain conditions,

of the study of the differences between tremblers Avith and without

vibrations. It will be seen that the electro-physiological pheno-

mena produced by tremblers, and that I have stated above, are in

accord with his experience.

" The necessity," he says, " to determine in an absolute manner

the number of interruptions has been well stated by M. Duchenne,

who has been careful to furnish his volta-faradic apparatus with

a trembler, the beats of which can be slackened or accelerated at

pleasure, so that it will give no more than four intermissions in a

second, or will produce a very great number in the same time,

aflfordiug also all intermediate degrees of rapidity.

" M. Duchenne makes a distinction between tremblers with and

without vibrations. The tremblers with vibrations are those which,

between each intermission are agitated by several rapid recoils or

rebounds, which render electrization very disagreeable. Save in

certain cases, one should avoid the arrangements of a trembler

which produce these effects, because they render certain electro-

muscular experiments more difficult.

"We know that very closely approximated electric shocks

produce a tetanic condition instead of isolated contractions ; the

vibrations in the trembler produce in reality a series of tetanic

convulsions of more or less duration and separation.

" The facts of a purely physical kind that I have observed

confirm those physiological ones that have been stated by M.

Duchenne. I have had occasion to observe that the manner in

which the extra current is produced, may give rise to a division

of the induced spark, of which the following fact may convey an

idea. In experiments upon the rapidity of the transmission of
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sound, ^ I used as a means of chronoscopy the trace left upon a plate

of iodized silver by an induction spark proceeding from one of

Ruhmkorfif's coils. The interruption of the inducing current was

produced mechanically ; but under certain circumstances, instead of

a single trace, I observed as many as fifteen traces, corresponding

to as many small sparks into which a single discharge had been

subdivided. I could distinguish one from another because the

plate was in rapid rotation, and the small sparks, being suc-

cessive, left their marks on different points ; but the fifteen

traces were separated only by the length of a millimetre, which
corresponded to a time notably less than the fifty-thousandth

part of a second. The sparks were unquestionably successive,

because they were all aligned in the direction of the movement
of the plate.

"There is no room to believe but that each of these partial

sjDarks corresponded to a vibration produced in the interrupter,

for it is manifest that, according to the law of the movement
of interruption, the induced discharge, which most commonly
manifests itself in a single spark, may divide itself into a certain

number of partial discharges. These phenomena were observed

with a Ruhmkorff's coil, of moderate dimensions." ^

In the tremblers, the point of the screw is platinized, and comes

into contact with a plate also platinized, and soldered to the piece

which beats against it, so that perfect contact is as little as possible

interfered with by oxydation. In time, however, the platinum,

burnt by the electric spark, does undergo oxydation ; and the

oxyde deposited on its surfaces checks the passage of the current,

and weakens the power of the apparatus ; the play of the trembler

being 'either hindered or altogether stopped. I have remedied this

fault by increasing the thickness of the piece of platinum, and by

making it movable, so that when, after working some hours a day
for many months, it becomes oxydized, it may be shifted a little

to the left or right, and a new place brought into use. It is also

necessary to clean the point of the screw from time to time, by

rubbing it with a piece of cloth or linen, so as to remove the oxyde.

Finally, in order to diminish the oxydation of the platinum, I have

increased the contact surface, giving to it from two to three milli-

metres of transverse diameter.

2 LeEoiix, Be'termination expe'rimentale

de la Vitesse de propagation d'un ^branle-
ment sonore dans un tuyau cylindrique
{AnnaU de Cliimie et de Physique, # serie,

tome xii. p. 345).

^ F. P. Le Eoux, De I'induction et des

appareils electro-me'dicaux, p. 46. Tliese

presentee a I'Ecole Superieure de pharmacie
pour Vaggregation des Sciences physique.
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G.—The Battery.

From the beginning of my researches and until 1858, I

had employed Bunsen's battery in my volta - faradic instru-

ments, because it combines with sufficient power a considerable

degree of constancy. I modified it only by arranging it in a flat

form, so that it could be contained in a drawer. Instead of im-

mersing the carbon in nitric acid, I poured the acid over a plate

of carbon so as to saturate its pores, and then put this plate into a

zinc cell containing a small quantity of solution of sea-salt. My
only diaphragm was thus a thin layer of saline solution ; by which

arrangement the resistance of the battery was much diminished,

and its power proportionately increased.

Such a battery as this was perfectly in accord with the force of

my first instrument. But, since I have fully doubled the original

length of the coils and of their wires, it has been insufficient to

develop the full power of the apparatus. I have therefore been

compelled to seek a battery yielding electricity of higher tension.

For this purpose I have diminished by one-half the surface of

the elements, and have increased their number to three or even

four.

The inconveniences due to the employment of nitric acid, that is

to say, the inevitable liberation of nitrous gas, which was a cause

of the rapid deterioration of the several parts of the apparatus, in-

duced me to replace the nitric by sulphuric acid. For more than

a year I had employed this new arrangement, when M. Marie-

Davy made known his battery with bisulphate of mercury, which,

with some modifications, I adopted for my instruments. It is to

this source of electricity that I have now for six years given the

preference for my portable forms of apparatus , and a description

of it has already been given to the reader. It possesses the advan-

tage that it may be carried from place to place, without fear of

spilling any liquid. It is sufficient to place a piece of hard caout-

chouc between the cloth and the zinc, carefully cleaned, in the

intervals between the applications; and when we wish to put

the battery in action, to pour a little water upon the cloth, and to

remove the plates of caoutchouc. The same bisulphate of mercury

will last from fifteen days to three weeks.

The pieces connecting the system of induction with the carbon,

composed originally of copper, platinized at its contact with the

carbon, were rapidly destroyed by oxydation. I have replaced

them by platinum wires, and they are now unalterable. The two or

three small elements which form a part of my volta-electric appa-

ratus, allow me to have, at the bedside of the patient a power of
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induction tliat is always suflScient ; but the induction of my ap-

paratus, is not, so to speak, saturated by these three elements ; for

I have obtained from it a much greater force, with the fifteen or

twenty elements of bisulphate of lead that I can adapt to it at my
own house.

Although M. Marie-Davy has advised the use only of the proto-

sulphate of mercury, I have substituted the bisulphate in order to

obtain greater power. I have only employed the proto-sulphate,

as I have said, for the formation of a battery composed of from

thirty to a hundred elements, for the application of continuous

currents.

Manufacture of the carbon plates.—-After numerous experiments

with regard to the best kinds of coal and. coke, to the proportions

in which they should be mixed, to the manner of setting the

mixture in the moulds, to the form of the latter, and to the amount

of burning required, I succeeded in manufacturing carbon plates

that were hard and free from fissures. The manufacture of these

plates being, however, both difficult and costly, I sought to replace

them by carbon sawn out of gas-coke.

The coke deposited on the interior of the retorts used for making

gas is formed, as is known, from the bituminous matter called

petroleum. This petroleum becomes carbonized, and deposited,

layer upon layer, on the inner surfaces of the retorts in which the

coal is distilled. It forms at length a thick crust, which it is

necessary to remove from time to time. Unfortunately, the carbon

plates formed from gas-coke, which are excellent when immersed

in nitric acid, and which, being very pure and free from earthy

matter, seem then to increase power, do not succeed for the system

that-1 have adopted in my instruments. In a few minutes (two or

three) the current furnished by them diminishes by more than

three-fourths, when the circuit is closed. We then observe the

singular phenomenon—which is produced also in piles of zinc and

copper—that the current recovers its intensity when the circuit has

been for a short time interrupted. I attribute this rapid weaken-

ing of the current to the great density of the gas-coke, the inter-

stices of which become obstructed by the salts that are formed by
the chemical action of the pile, and that are rapidly dissolved

when the circuit is left open. The carbon plates that I have had
manufactured, without being too soft, which would interfere with

their durability, are yet hard enough. It is not until after some
time (five or six months of frequent use) that the salts resulting

from the interior chemical action of the pile are deposited in the

interstices in sufficient quantity to diminish the power of the ap-

paratus by resisting the passage of the current. It is important
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to be aware when this occurs, because the power may be diminished

considerably.

H.

—

The Commutator of the Poles.

It is useful to be able rapidly to change the direction of the

currents, without displacing the rheophores from their position on

the patient. For this purpose, I have fitted to my covered instru-

ment a commutator of the poles (H, fig. 55), which, by turning to

the right or to the left, changes their direction. Its mechanism
is the same as that of the commutator of the currents.

Part the Third.

SMALL DOUBLE-CURRENT VOLTA-FARADIO APPARATUS.

This instrument, with medium force, possesses all the properties

required in a medical apparatus. It is a reduction of my large

double-current volta-faradic instrument ; and is generally capable

of replacing it in practice.

A.

—

Description.

I have given to this apparatus the form of a flat oblong box, or

of an octavo volume, as shown in fig. 58. When it is open, as in

Fig. 59.—Soft iron.

—— , ~'n

H H'
Fig. 58.—Author's small volta-faradic apparatus (closed).

fig. 60, it is seen to be divided into two parts. To the right is

placed the induction apparatus properly so called. To the left

is the battery, in the lower compartment A ; and the rheophores,

with their conductors, are in the upper compartment B.

The induction apparatus is composed :

—

1. Of a reel, six centimetres in length, formed by two super-

posed coils, the wires of which are of different length and diameter

(the wire of the primary coil is sixty metres in length and a half
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Fig. 62. Fig. 63.

Fig. 60.—Author's small volta-faradic apparatus (opened).
Fig. 61.—Details of the cover of the compartment to the right.
Fig. 62.— Pedal.
Fig. 63.—Pair of elements with bisulphate of mercury.

a millimetre in diameter, and the wire of the secondary coil is

three hundred metres in length and a sixth of a millimetre in

diameter) ; 2, of a core formed by a broad band of soft iron rolled

into a helix, as in fig. 59, so that it can be placed in the centre

of the reel ; 3, of a commutator of the coil, C (all the foregoing

portions are concealed in the compartment to the right) ; 4, of a

graduator tube D ; 5, of a trembler E, and of a rheotome L for

slow intermissions.

B.

—

Manner ofjputting the apj^aratus in action.

A pair of elements with bisulphate of mercury (fig. 63), like one

of the pairs of my large apparatus, is introduced into the com-
partment A. Then if the door G of this compartment be closed,

as in fig. 58, the small platinized plate L' (fig. 63), which com-
municates with the carbon contained in the caoutchouc cell,

comes in contact with the spring H, which rests against the plati-

nized termination F of one of the extremities (poles) of the primary

coil, while the zinc N (fig. 63) is brought into communication with

the other extremity (pole) of the primary coil, by the spring H'.

The separations of this electro-motor from the coil are produced

by the separation of the horizontal bar E (fig. 60) from the knob I.
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If it is wished that the intermissions should be made slowly, the

knob L (fig. 61) must be turned till the line traced upon it is

directed transversely, since in drawing to itself the stem of the

rheotome until the bar E of the trembler is in contact with

the knob I, it completes the circuit formed by the battery and the

wire of the primary coil, which is broken by pushing back

the stem of the rheotome L. In this way an intermission is

obtained, and we may thus obtain a series more or less quickly.

If rapid intermissions of the trembler are desired, the button I

must be turned from right to left until the bar E, pushed forward

by a platinized eccentric fixed to the button, is sufficiently near to

the temporary magnet J, which is in contact with the soft iron in

the centre of the coil. The approximation is sufficient when the

noise of the trembler can be heard. It is necessary to regulate the

movements of the trembler carefully ; for if they are too rapid,

in consequence of too near an approach of the bar E to the magnet

J, the separations will be less complete, and the contact of the

portions of the trembler will be less perfect. It follows that

the power of induction will be diminished. We may also produce

small intermissions with the pedal rheotome Y (fig. 62), which

has been described (p. 259), and which is applied to the large

instruments. For this purpose, its conducting cords must be

attached to the knobs 3 and 4 (fig. 60), and then, after having

turned the button L from left to right, until the bar E is in contact

with the magnet J (in this position the battery current is inter-

rupted), the intermissions are to be made with the foot in the

manner already described. (By pressing on the knob 6, fig. 62,

the battery current is completed.)

The electrode knobs, 1 and 2, receive the currents of each coil.

To them are fixed the conducting cords to which the rheophores

are attached. We can bring to these knobs the current either

of the primary or of the secondary coil, by pushing to the left or

to the right, as far as it will go, the stem of the commutator of

the coils C. The figures engraved upon the small plate of copper

traversed by this stem, point out the side towards which the stem

should be pushed in order to bring one or other of the currents to

the knobs 1 and 2. Lastly, the graduation is effected by the tube

D, as in the other instruments. In the intervals between the

applications, the battery current is interrupted by pushing back

the stem of the rheotome L, until the bar E is in contact with

the soft iron J.

The small apparatus just described is that to which I give the

preference in the great majority of cases. I have recourse to the

large instruments only for the purposes of diagnosis, or for electro-
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physiological and pathological experiments, and for treatment in

a few cases in which contractility or sensibility are either abolished

or sensibly diminished.

The power of this small instrument is very considerable, regard

being had to the small size of its coil. This is not only due to

the excellent proportions of length and diameter of the wires, and

to good manufacture, but also and chiefly to the powerful mag-

netization of its band of soft iron rolled into a helix, which thus

offers a considerable extent of surface."*

Part the Fourth.

the author's double-ouerent magneto-farabic apparatus.

The volta-faradic instruments, the construction and properties

of which have been described in the preceding Part, have been

employed in my numerous researches in electro-physiology, patho-

logy, and therapeutics. They have endured this test satisfactorily,

and their usefulness is now perfectly established. Unfortunately,

the preparation of the battery, simple though it be, necessarily

requires some amount of manipulation. This single inconvenience

has presented a difficulty to some physicians, and has often in-

duced them to prefer the common magneto-electric instrument.

For this reason, I have endeavoured to give to a magneto-

electric instrument, as far as possible, the properties that I believe

to be indispensable for the practice of localized faradization.

§ I.

—

DeSCRIPION of THE APPARATUS.

My magneto-faradic apparatus (see fig. 64) is composed of a

magnet, of an armature, set in movement by a peculiar mechanism,

of a regulator of the armature, that is at once a moderator of the

currents and a magnetic tensor ; of two coils of copper wire, of

unequal length and thickness ; of a rheotome ; of a regulator

of the intermissions ; of a graduator of the currents ; and, lastly, of

a commutator of the coils.

A.

—

The Magnet.

The magnet is formed of two parallel cylindrical branches,

* I have experimented comparatively,

with different forms of core, with regard

to their respective physiological eflects;

using iron wires (after Dove's method),

into a helix, and with its internal surface

insulated by a sheet of paper. I have
found that the helix of soft iron has given
the best results, both as regards the power

split tubes of tin, enclosed the one within , of physiological effects and as regards
the other, and each insulated by a paper i the force of the magnetization,
covering, then a broad band of tin rolled

|
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Fig. 64.

connected together at one of their extremities by a transverse bar

of soft iron.

It is placed on the flat, and liorizontally upon a support fixed

to the posterior part of the case of the apparatus. Its anterior

extremity rests on two other supports.

B.

—

The armature and its motor system.

The armature, which by its movement of rotation produces

the intermissions of the magnetic current, is traversed in its

middle part by a horizontal axis, terminated at its extremities by

a very hard steel point, received in steel sockets, which are screwed

into two copper mounts. These mounts are firmly fixed to a

square movable plate of copper, G, which rests on the base of the

apparatus. Between these two mounts, and at their superior

extremity, is fitted a large wheel. A, the axis of which traverses on

one side the anterior mount in which it rotates, while the other

extremity terminates in a point, and is received in a piece fixed to

the posterior mount. The handle M, which puts the large wheel

in motion, can be removed at pleasure. The circumference of the

large wheel A is divided into sixty-four teeth, wliich set in action

a small ^Alleel of eight teeth, fixed upon the axis of the arma-

ture in such a manner that at every revolution of the great wlieel

the armature turns eight times upon its axis, and consequently

produces thirty-two intermissions of the current of induction. As

it is possible to make the large wheel revolve twice in a seccmd,

we may obtain sixty-four intermissions in the same period of time.
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C.

—

The regulator of the armature.

The movable plate G, upon which are placed the armature and

its motor system, is approximated to or removed from the magnet,

by means of a strong screw N, called the regulator of the arma-

ture. This screw, turning in a nut fixed to the apparatus, acts

upon the base of one of the mounts which forms part of the plate

G, which it moves backwards and forwards.

In order that the armature may exercise a tension uiDon the

magnet, the screw N is turned in sucli a manner that the needle is

brought to the middle part of the arc of a circle 0, which is called

the indicator. Then the armature, placed transversely, is brought

near to the magnet, and is in contact with its extremities.

We shall see hereafter in what ^\ay the reguhitor of the arma-

ture serves also to weaken or to moderate the ii'duction currents.

J).~The coils.

A reel nine centimetres and a half in length, and upon which

twenty-fouv metres of copper wire, covered with silk, an 1 half a

millimetre in diameter, are rolled spirally, is fixed to each arm of

the magnet, in such a manner that its anterior bonier is level

with the free edge of the magnet. The rounded anterior extremity

of the reel rests in a support wliich maintains the magnet in

a position parallel to the plane of the apparatus.

A second copper wire, the sixth of a millimetre in diameter, six

hundred metres in length, and covered with silk, is rolled over the

thicker wire, and forms a second coil. The thick wire is inductive

relatively to the thinner wire, which is induced by it. I shall

demonstrate this hereafter.

The two superposed copper wires are rolled in the same direction,

and the extremity of the one is soldered to the commencement of

the other, while the other ends are brought, that of the thick wire

(central) to the springs S and S', which produce the intermissions

on the reel B, and that of the fine wire (external) to the

right side, IJ, of the commutator of the coils T, which conveys
the current of the primary coil to the knobs P and P', to which
are attached the conductors of the rheophores. The spring S' gives

origin to a conducting wire which proceeds to the left side of the

commutator T.

E.

—

The Rheotome.

The rheotome is composed of a small wooden reel, B, and of two

springs, S and S'. The reel is fixed upon an axis of soft iron.

One of the springs, S, in relation with one extremity of the central
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wire, rests upon a metallic ring fixed upon the reel. This ring is

divided into four teeth, two of which are very short. The second

spring of the rheotome S', which communicates with the other

extremity of the central wire, is brought in contact with the four,

or with the two teeth, by means of the regulating knob of the

commutator (not shown in tig. 64), which is fixed to the right

of the apparatus, and which turns from right to left, and vice

versa.

F.

—

The regulator of the intermissions.

A piece of copper is fixed to the base of the apparatus, to the

left of the large wheel. It is traversed by a screw, D, to which is

soldered a brass spring, T. By means of the screw D tlie s]3ring

I can be made to perform a to-and-fro movement, which brings it

in contact sometimes with the pins a, upon tlie posterior face

of the great wheel A, and sometimes with the plate G, which

supports the latter. One of the extremities of the inner (thick)

wire of the coil, and of the outer (fine) wire of the coil, communi-
cates with this plate G. The brass spring I is in relation, by a

copper wire, with the left side U, of the commutator of the

coils T.

G.

—

Graduator of the currents.

Two tubes of copper, H, H, covering the reels which are placed

under the arms of the magnet, and connected by a cross-piece at

their posterior extremity, are pulled out or pushed in, gliding over

the reels by means of the stem R. The latter, fixed to the cross-

piece, and terminating in a handle the length of the reels, is divided

into centimetres and millimetres. When pushed entirely within

the apparatus, the cylinders cover the reels, and the currents are

at their minimum of intensity. The currents are, on the con-

trary, at their maximum when the stem is drawn completely out of

the apparatus. Their intermediate degrees of force are in direct

proportion to the position of the stem. This stem, therefore,

merits the denomination of a graduator of tlie currents.

H.

—

Commutator of the coils.

The commutator of the coils, T, is constructed like that of my
volta-faradic instrument.

§ II.

—

Theory of the Magneto-faeadic Apparatus.

The simultaneous intermissions of the magnetic current, and of

that of the central coil produced by the rotary motion of the wheel

A, which puts in action the armature, and the rheotome, B,
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develop the phenomena of induction in the thick wire of the

central coil. The theory of these phenomena being the same as

that of induction in all magneto-faradic instruments, it is unneces-

sary to describe it here.

At the instant when this induction is produced in the thick wire

of the central coil, if union of the two ends of the fine wire of the

second coil is effected by a complete conductor, a counter current

will be developed in this fine wire, in a direction opposite to that

of the current of the primary coil. (The possibility of this induc-

tive action of the central upon the secondary coil, in electro-mag-

netic instruments, has been contested, on theoretical grounds, by
MM. Becquerel. I will hereafter show, by experiments, that it

takes place in my ajjparatus.)

As one of the terminations of the wire of the primary coil and
of the secondary coil proceeds directly to P, the knob of the rheo-

phore, and as the other extremity of these wires communicates with

the metallic plate G, which supports the large wheel, it becomes
necessary to bring this plate into relation with P', the knob of the

second rheophore. The regulator of the intermissions, D, fulfils

this condition completely ; because it communicates with the knob
F by a copper wire, and it is brought in contact either with the

plate G, or with the pins a of the great wheel A, fixed to that plate,

by means of the to-and-fro movement effected by the knob D.
If it be wished to pass rapid currents through the conducting

cord of the rheophore attached to the knob P, it is evident that

the knob D should bring the spring I into relation with the plate

G, which is itself in relation with the other extremity of one of

the two wires. But if the spring I only communicates with

the plate G by the pins a of the large wheel A, the current

will only reach the knob P' four times, or twice, or even once,

for each revolution of the large wheel. CDnsequently, the con-

ductors of the electrodes attached to the knobs P and P' receive

only one, or two, or four intermissions per revolution, when the

spring touches the pins; while they receive the rapid current

(thirty-two, or sixty-four intermissions per revolution) when the

spring touclies the metallic plate G. I therefore call the knob D,
which moves the spring, the regulator of the intermissions.

The commutator of the coils acts in the same way as that of the

volta-faradic apparatus.

For the theory of the graduation of the two currents, I must refer

to what has been said on the same subject, with regard to

the volta-faradic apparatus. I shall hereafter explain how to

administer the most powerful or the most feeble doses with my
magneto-electiic instrument.
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§ III.

—

Explanation of the peincipal properties op the
Double-current Magneto-faradic Apparatus and the

different combinations which have governed its con-

struction,

Although double induction had not previously been applied

to magneto-faradic instruments, I had no doubt of the possibility

of obtaining it. I have described how, and by what series of

researches, I was led to its realization.

The MM. Becquerel, however, physicists of great scientific

authority, have disputed the possibility of producing double in-

duction with my magneto-faradic instrument. I may be per-

mitted to endeavour to show, by experiment, that I am not, on

this point, under an error.

I must repeat, that, in my volta-faradic instrument, the initial

force is mixed, that the induction of the primary coil results from

the modification produced : first, by the battery current circulating

through the coils of its helix in an intermittent manner ; secondly,

by the influence of the temporary magnet.

I have already stated (Chap. I., Part III. § 1, page 30) that M.
E. Becquerel attributes the special physiological phenomena of

the current of the secondary coil to the direct influence of the

temporary magnet. It will be remembered that, in order to prove

how unfounded was this hypothesis, I made experiments without

placing the soft iron core in the centre of the inductive helix

;

and that the phenomena peculiar to the current of the secondary

helix were, none the less, very powerfully produced (see experi-

ment, page 29).

A physicist, celebrated for his discoveries, and of no less scien-

tific authority than MM. Becquerel—M. de la Rive—has thus

written, with reference to this experiment, which I repeated in his

presence :—

•

" I must admit, with M. DucJienne, that the current which circu-

lates through the primary coil must certainly act upon the ivire of the

secondary, since ive hnow that, even when there is no soft iron core,

induction is produced." But he is careful to add, " The presence

of the soft iron increases the induction in an enormous degree, and

the two actions, coinciding to produce the same effects, greatly

increase them. The current induced in the second wire is there-

fore ])recisely like that tchich induces the direct action of the magnet,

and hence I am unable to discover in this anytliiug but a current

of the first kind, and not a current of the second kind, as believed by

M. Duchenne." "

De la Eive, loo, cit. t. iii., p. 581.
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I am willing to bow before the great authority of M. de la Rive,

but I must nevertheless ask permission to remind him of an
experiment which he witnessed in my laboratory.'' He has, with-

out doubt, forgotten that I showed him, with the primary coil of

my double-induction instrument, the physiological power of the

extra current, comparatively, with and without the soft iron core.

We then saw that, under the influence of the magnetization of this

iron core, the power of induction of the extra current was increased

in a considerable proportion. Is it not reasonable to conclude

that, under these circumstances, the greater part, if not the whole,

of the power of the temporary magnetization was employed to

influence th.e primary coil, and thus to increase the energy of the

extra current ? But in order to admit, with M. de la Rive, that

the induced current, which is then developed in the completed

circuit of the superposed secondary coil, is precisely like that

which induces the direct action of the magnet, it would be neces-

sary, I think, to prove that the magnet then ceases to exercise its

influence upon the primary coil, which is the nearest to it, and

removes its action to the secondary coil, which is the most remote

from it. But I am not aware that this, wbich to me seems

improbable, has ever been demonstrated.

It is after having made the foregoing experiments, and after

having interpreted them in this manner, that I think I am autho-

rized to formulate the following conclusions :

—

1. In the volta-electric instruments, the temporary magnetiza-

* Before forming an opinion of the

value of my electro-phytiiological and
therapeutical researches, and especially be-

fore criticising them, this philosopher has
not only thoroughly studied what I have
written, but has also done me the honour
to seek from me explanations with regard
to my instruments. Then, experimenting
upon himself, I have been able to show
him tlie reality of the chief special or

ditferential physiological actions of the

currents of the primary or of the secondary
coils of these instruments.

To the opinion of M. E. Becquerel, who
writes, " the extra current and the current

of the first kind do not possess elective pro-
perties over tins or that function, hut they

have an action more or less energetic, Inj

reason of their tension," it is interesting

to oppose that of M. de la Rive, who has
endeavoured to explain the difference be-

tween the physiological projDerties of the

two currents—a ditierence such that they
cannot be substituted for one another in

practice, and that depends, according to

him, not only upon the induced ciurent

possessing greater tension than the extra-

cui'rent, but also uiwn its Ixing in general
more momentary, and, lastly, upon its

being composed of two currents passing
alternately iu contrary directions ; while
the extra current is composed of one
induced current only, passing always in
the same direction.

" We mu.^t liere remember," says M. de
la Eive, " that we may have, between the

extra current and the current induced in

the second wire, other physical differences

than those relating to quantity or inten-

sity; and that hence, although we may
construct coils, in which, as regards tlie

last-named qualities, the currents shall be
alike, they may still dift'er from one an-
other. In the first jilace, the extra current
is never comi^osed ofmore than a single in-

duced current, which always passes iu the
same direction with the battery current,

while the induced current properly so-

called, is composed of two instantaneous

currents, parsing alternately in opposite

directions. This dilference njay well pro-

duce a difference of physiological action,"

T 2
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tion acts as a second initial source, nearly in the same manner as

the battery, upon the wire of the primary coil, the current of

which it reinforces, and which, in its turn, reacts upon the current

of the secondary coil, so that the power of this last current is pro-

portionately increased. In the magneto-faradic instruments, the

initial force is more simple ; it is the intermittent changes in the

state of the fixed magnet which produce induction in the wire

coiled immediately around it. But the power of this induction is

very feeble, if exerted by that influence alone, or, in other words,

only by the rotary movements of the armature. In order that the

induction should acquire power, it is necessary that the solutions

of contact should take place in the wire of the coil, at the moment
when the modifications of the magnet are at their maximum (a

little before the contact reaches the vertical or horizontal position).

Such are the arrangements of the primary coil of my magneto-

faradic apparatus ; the solutions of contact, which are produced by

the rheotome, occur only in the thick wire which immediately

surrounds the fixed magnet ; the long fine wire, which is rolled

round the thick wire, has no communication with the rheotome.

If we suppress, in the thick wire, the solutions of contact produced

by the rheotome, the current in the fine wire of the outer coil

immediately becomes extremely weak, just as if we produced, by

the same rheotome, solutions of contact in the fine wire. The

intensity of the current of the last then increases a little, but
' remains very feeble, as compared with that which is developed

when the solutions of contact occur in the thick wire. The

following is the proof :

—

Experiment.—The power of tbe current develoiied in the firie wire of my
magneto-faradic apparatiis is considerable. But if the solutions of contact of

the wii'e of the primary coil, produced by the rheotome, are suspended (which

may be effected in my instrument by tui-ning the knob Q, tig. 64, from right to

left), that is to say, when the cmi-ent formed by the wire of the primary coil

remains interrupted, the power of the current of the secondary coil is so

diminished that it can scarcely be felt, even by placing the rheophores upon
the lips. Even when the solutions of contact are produced by the rheotome

in the wire of the secondary coil itself—an effect which I have obtained by a

simple mechanism, in an apparatus constructed purposely for these experi-

ments—its current is still infinitely more feeble than when the same coil is

induced by the primary one.

I have thought, and the idea has, without doubt, presented itself

to the minds of my critics, although they have Jiot succeeded in

expressing it very clearly,''' that possibly my primary coil acted

7 I here qixote, precisely, the criticism properties of its two coils: "In the mag-

which one ol' my learned opiionents, M. neto-electric apparatus of M. Duchenue,"

A. Becquerel, has bestowed upon my lie says, " two wires are coiled, one over

magneto-faradic instrument, and upon the the other, around a fixed magnet, the first
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upon the second coil like a copj^er tube, and masked, or neutralised

its power ; and that the sudden interruption produced by the in-

termissions permitted the physiological action produced by the

influence of the current of the secondary coil upon the magnet, to

display itself in all its force. If such were the influence exerted

by the primary upon the secondary coil in my electro-magnetic

instrument, no one could regard it as an induction phenomenon.
But it has been shown, by experiment, that this is not the case. I

thicker and shorter, and the second finer

and longer. According to M. Duclienne,
the curi'cnt produced in tlie former wire
is an induced current of the first order
(of the primary coil), and the current jwo-

duced in the latter wire is determined
by the influence of the former, and is an
induced current of the second order (of

the secondary coil). M. Duclienne is

deceived. The currents produced in the

two wires are hotlt under the influence of d
maynet which destroys the effect iiroduced
bij the first icire upon the second, or rather
reduces it to something extremelij smoll.

The current produced in the first, and that

produced in the second tcire, are both

induced currents of the first kind ; only
the former, produced in the shorter and
thicker loire, is a current of less tension

than that produced in the longer and finer
wire, and consequently produces less ener-
getic effects upon the skin and upon the

retina."

Is there occasion to show the small
value of the following experiments, which,
according to my opponent, prove iucon-
testably the truth of his assertion ?

I. " Around a fixed magnet," he says,
" roll, by snijerposition, two wires of equal
diameter and length, and cause the arma-
tui"e of the soft iron to act by rotation ; an
induced current of the first order will
be produced in each wire."

Yes, if the circuit of the first coil is

neither completed nor interrupted by solu-

tions of contact produced in its wire by a
commutator, as in my double-coil instru-
ment ; but then tlie experiment proves
nothing against my theory. But if, on
the contrary, my learned opponent were
placed in the same conchtions that obtain
in my magneto-electric instrument, after
the explanations of its mechanism and of
its action th:it I liave given above, he
would doubtless abandon his opinion as
untenable. In his experiment, tlien, the
current of the second wire evidently
receives the influence of the current of the
first wire, resulting from the simultaneous
action of the magnet, and of the solutions
of contact in this wire, as I have already
explained.

ir. After having related the foregoing
experiment, M. A. Becquerel adds, " the
current of the first wire will be more in-

tense than that of the second, the ciurent
of the second less intense than that of the

j

first, by reason of its greater distance

j

from the magnet. The current of the
: second wire will no longer produce the

I

special efl'ects of the so-called currents of
the second kind."
From the last point of view, this experi-

ment proves absolutely nothing, for many
reasons : 1. Why change the ordinary
conditions of tlie electro-medical instru-
ments of which we have to study the
special properties? How is that an instru-
ment of double induction the wires of
which are of equal diameter ? 2. There is

no maker of volta-faradic instruments who
does not know that one of the principal
conditions for obtaining great physio-
logical power in the secondary (induced)
coil is, tliat its wire should not only be
much finer, but also mm^h longer than the
inductive wire. For what reason should
it not be the same in a double-current
magneto-faradic apparatus ? Let us keep
to the que.-ition, which is, to determine
the properties of the current of the secon-
dary Coil, developed in a wire that is fine
and long, as compared with the proper-
ties of the current of the primary coil
(extra cm-rent) produced in a wire that is

tliicker and shorter. I have already proved
(see Chap. I., Part III., b, page 30), with
regard to volta-faradic instruments, that
the physiological properties of the same
coil of fine wire differ accordingly as its

current, in common language, is an in-
duced or an extra ciurent.

It is hard to understand why it should
be otherwise with regard to electro-mag-
netic instruments ; and I therefore read
with much siu-prise the following asser-
tion by M. A. Becquerel. " If a fixed
magnet be surrounded by only a single
wire, very fine, and very long, it will

yield a current of great tension, which
possesses all the properties of the so-called
currents of the second kind." This asser-
tion is in direct contradiction to the facts

established by my experimental researches.
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have ascertained that when, by suppressing the solution of con-

tact of the thick wire, and leaving its circuit interrupted, there

remained only the direct influence of the magnet upon the second

wire, the physiological effects produced by this influence are

reduced almost to nothing.

To sum up. In my double-current electro-magnetic apparatus, it

is the current developed in the primary coil, under the simul-

taneous influence of the temporary modifications of the magnet,

and of tlie interruptions produced in the circuit of the thick wire,

which reacts upon the secondary coil.

Although, until quite recently, the above proposition was con-

sidered inadmissible by eminent physicists, I do not the less

maintain my belief that it rests upon fact and experiments that

are incontestable. It has been demonstrated, in a more scientific

manner, and in more technical language, by M. F. P. Le Roux,

who, in his thesis presented to the upper school of pharmacy,

which 1 have already had occasion to quote, has maintained that

my idea is in great part correct, at least in the case of my magneto-

faradic apparatus.

The following is an extract from the thesis, remarkable in

many other respects, in which this impoi'tant demonstration is

to be found. (The reader will easily understand this demon-
stration, if he is acquainted with the theory of magneto-electric

instruments which M. Le Iloux has laid down in his work, with

reference to the apparatus of Pixii, and which I have reprinted

on page 287) :

—

" M. Duchenne has attributed the particular effects which he

has observed in his second coil, to the action of currents, the

distribution and intensity of which are different from those of

the currents which are induced in the primary coil. Others,

on the contrary, have thought that the two coils differ only in

the length of their wires. I am induced to believe that Mhat is

wanting to the idea of M. Duchenne is to be supported hy precise

reasoning, and that it is in the main correct, at least in the case of
his magneto-faradic apparatiis.

"It may be regarded as proved that, in all magneto-electric

instruments of small dimensions, the alternations of magnetization

and demagnetization are insuflScient to produce currents capable

of causing shocks, whatever be the speed of the armatures or the

reels, or whatever the length of the wires ; while the interruption

of the current, near the time of its maximum intensity, causes them

energetically. The reason of this is, that the diminution of inten-

sity which takes place at the moment of an interruption is much
more rapid than the most rapid demagnetization that can be pro-
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duced by movements of approximation or removal operating

mechanically."^

This understood, when we interrupt the current at the moment
of its maximum, it is as if we should interrupt a constant current,

and it produces an extra current, the curve of which lias been

already given, and which we here will reproduce (fig. 65).

(^

X7
Fig. 65. Fig. 66.

Fig. 65.

—

Above : approximative representation of tlie current Induced by the movement of tlie reels of

a Clarlse's machine ; below : a mure exact representation.

Fig. 66.

—

Above: representation of the extra current of interruption; below: representation of the

current induced by this extra current.

" It would seem that the arcs, which intercept at the point B,

should be in excellent condition of form to give rise to intense

induced currents. That is true, but it must be remembered that

unity of time is here represented by a very short space, so that, if

we wish to represent the interval of time Aq Bq with the same unity

that has been employed,—for example, in fig. 65, to represent

the cessation of an interrupted current,—it would be necessary

to give to Aq Bq a length several hundred times greater. It is

manifest that, when thus extended, the curve of the current of the

reel would present only an insensible sinuosity, when compared

with that of the current of interruption.

* It may be inquired how it happens
that an extra current is not produced at

the moment when a Clarke's reel, for

example, jjasses before the pole of a
magnet, since at that moment the current

suddenly changes its direction, as has
been stated above ; and it would seem
that a change of direction of this kind
should be even more efficacious than an
interruption. But, in fact, the sudden
change represented by the curve is only a

fiction ; in reality, the change is relntively

rapid but not sudden, because we have
not mathematical points which pass one

before the other ; and the relatively con-

siderable dimensions of the reels of the
magnets canse the action to diminish
from a certain movement, and to increase

again. The decrease wliicla really occurs in

the vicinity of Bg ffig. 65), however rapid
it may be, is still very slow as compared
to the return of the natural state in a
circuit that is interrupted.

Fig. 65 shows, by its lower curve, what
would be the actual distribution of the
intensity of the cm-rents in one of Clarke's

reels.
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"We may therefore easily understand that the mechanical

variation can only give rise to induced currents that are scarcely

appreciable when compared with those that are produced by in-

terruption of a current by solution of the circuit.

" If, on the contrary, we place this extra current in relation with

the circuit upon which it can act inductively, it will determine

the induced current represented in fig. 65. Its negative part is

slightly marked, but it is not the same with its positive part,

which may possess a greater intensity, and may present a more

sudden variation, than the extra current itself, so that it may also

differ from the latter in its effects upon the organism.

" Such a conclusion would be evidently out of the question, if

the circuit of the second coil were only subject to the influence

of the first. But would it be the same when the second coil, like

the first, is in the presence of a magnet, the magnetization of

which is determined by the variations of intensity ?

" We commenced by observing that, as the second coil included

in its circuit the human body, the resistance of which is very

great, the inductions due to variations of the intensity of the

magnet could develop but a feeble current ; and that, moreover,

this current not being subject to interruption by the rheotome,

there will be in the wire no sensible extra current, so that I cannot

see any condition capable of causing an appreciable disturbance in

the effects of the induction produced in the second coil by the

extra current of the first.

" Such is, in my judgment, the proper manner of regarding the

phenomena exhibited by electro-magnetic instruments; the induc-

tive effect of the extra current of the first coil should he the chief

cause of that which passes through the second"^

B.

—

The Bheotome.

In my instrument, by means of a special mechanism, the inter-

mission can be obtained either twice or four times for each revolu-

tion of the soft iron, according to the indications. In order pro-

perly to appreciate the importance of this arrangement, from a

practical point of view, it is necessary to recall the theory of those

phenomena which are produced in the common magneto-faradic

instruments.

This theory has been stated in the first chapter. It has there

been shown :—1, that two intermissions of the rheotome, for each

revolution of the soft iron, produce four inductions, of which two,

powerful ones, occur at the moment of the intermissions ; 2, that

* F. P. Le Eoux, he. cit., p. 36.
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four intermissions of the rheotome, for each revolution of the soft

iron, produce four inductions of equal force ; 3, that the currents

which arise from these different inductions proceed alternately in

contrary directions.

If, then, we faradize with two intermissions for each revolution

of the armature, we should obtain two powerful actions, and the

current will travel each time in the same direction. The two other

actioiiS, during which the current passes in a contrary direction,

are so feeble, that in man they give rise to no appreciable pheno-

mena, unless directed upon the retina, when tliey produce a phos-

phene. Hence, by the aid of its regulator, the spring of the

rheotome must be so placed as to give two intermissions, when

it is desired that the currents should pass always in the same

direction.

We may therefore apply my magneto-faradic apparatus, the in-

termissions of which occur but twice for each revolution of the

armature, to the study of the influence exerted by the direction

of the currents upon the contractility or the sensibility.' The

same study cannot be pursued with four intermissions to each

revolution of the armature ; because the four inductions act with

equal force, and alternately in opposite directions.

The four intermissions per revolution produce a current of

double rapidity. Their employment therefore fulfils numerous

indications ; as when we wish to act specially upon the sensibility,

or to study the muscular functions by the aid of faradization. But
although, with four intermissions, the current is twice as rapid as

in the instrument of Clarke, which gives only two intermissions per

revolution, its rapidity is still iusuflicieut for the study of the

muscular functions of the face. The same condition of the rheo-

tome renders the action of the magneto-electric instruments upon

the cutaneous sensibility much less powerful than that of the volta-

electric instruments, the intermissions of which may be made by

the trembler with a rapidity that is incalculable.

C.

—

The Regulator oftlie Intermissions.

No magneto-faradic apparatus is applicable to all the require-

ments of therapeutics, unless it possesses a mechanism by which to

obtain one, two, or four faradic excitations in the half-second

;

instead of very numerous intermissions during the same period of

time. I have contrived such an arrangement for my magneto-

• It is well known that the electro-
j

have been used by Matteucci as the
physiological phenomena produced accord- basis of therapeutic deduction appli-

ing to the direction of currents traversing cable to man.
longitudinally the nerve-trunks of animals,
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faradic apparatus ; and have thus rendered it available in every

case. The mechanism is extremely simple, and need only be

described, to show its utility and necessity.

The action of the regulator of intermissions, D (fig. 64), should

be combined with that of the regulator of the rheotome B. The

former is so arranged as to produce a very rapid intermittent cur-

rent, and the second so as to touch the four teeth of the rheotome.

If, on the contrary, the intermissions are to be produced but

slowly, the spring of the rheotome should touch only the two

teeth of the rheotome B. The following is the reason. While

the spring touches one of the pins of the large wheel, the contact

sometimes lasts a little too long ; and it may happen that two or

four inductions are produced, in rapid succession, at the moment
of contact, according to the position of the rheotome : if the latter

touches the four teeth, the four inductions which are then pro-

duced excite a more powerful sensation ; if, on the contrary, the

spring touches but two teeth, the inductions will not be sufficiently

near together to occur at the moment when contact is produced

with one of the pins of the large wheel. The slow intermissions,

and the sensations which they produce, will then be more regular.

D.

—

The Oraduator of the Currents.

The graduating tube of my magneto-faradic apparatus measures

the electric doses as exactly as in the case of the volta-faradic

apparatus. The details which I have already given with regard

to the latter, render it unnecessary to enter into the question

anew.

This system of graduation is the only one by which we can

administer to all organs electric doses, proportionately to their

degree of excitability, which, as I have shown, is extremely variable.

It may be asked, however, whether the initial force of magneto-

faradic instruments does not itself vary so much as to render

fruitless the employment of any equal measure ? It is established

that a magnet, after being subjected to much traction or friction,

almost completely loses its power to sustain a given weight. Does

this weakening diminish also, in the same proportion, the power of

induction? I have related, in the earlier editions, experiments

which seemed to answer both questions in the negative.

E.

—

The Moderator of the Currents.

In the magneto-faradic instruments, as in the volta-faradic, the

graduating tubes do not entirely neutralize the currents of the

coils they cover. It follows that they would be inapplicable to
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very excitable organs, or for very delicate experiments, unless we
could employ a moderator of the currents, analogous to that of the

volta-faradic instruments.

I have found in the apparatus itself the elements of an excellent

moderator.

(a). The armature and its motor system can be moved away
from the magnet over a range of two centimetres and a half, by
means of the screw N, called the regulator of the armature, and,

at this distance, the influence of the soft iron is considerably

diminished. This simple moderator suffices for all operations

upon man, and, by combining its action with that of the graduator,

permits the administration of extremely feeble doses.

(&). But there are researches or experiments still more delicate,

—such, for example, as may be practised upon the frog,—which

require the employment of doses that are still smaller, on account

of the degree of excitability of the organs of that animal. I have

contrived the following arrangement for bringing the electro-

magnetic apparatus infinitely more under control. By turning from

right to left the small screw placed over the base of the spring

8' (one of the springs which produce the intermissions of the

current of the central coil upon the teeth of the rheotome B), I

prevent the current of this coil from passing through the commu-
tator. It will be understood that induction can then only take

place by the influence of the soft iron upon the magnet. I do not

know whether this experiment has ever been made under the

same conditions ; but I can say that the induction of the magneto-

faradic apparatus, thus deprived of the simultaneous intermissions

occurring in the wire of the coil, which immediately covers the

magnet, is so feeble that the current of my powerful instrument is

only appreciable by placing the rheophores between the lips. If,

then, after having placed the soft iron at its greatest distance

from the magnet, we suspend, by the above described method, the

intermissions which occur through the rheotome B, the instrument

will produce only an induction infinitely feeble, which may still

be divided in degrees smaller and smaller, by sliding the graduator

tubes over the coils. It is thus that the same instrument, which

is capable of affording currents of great intensity, may be used to

test the relative excitability of the muscles of the frog.

§ IV.

—

The manner of setting the instrument in action.

The employment of the magneto-faradic apparatus is, fortunately,

as we shall see, a matter of extreme simplicity. Without know-

ledge of its construction or of its theory, it is enough for the

physician, in order to use it, to understand the brief precepts that
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I am about to lay down. I must therefore ask, above all, for an

attentive perusal of the following lines.

In order to put the apparatus in action, the regulator of the

armature, N, must be turned from left to right, until the soft iron

no longer comes in contact with the magnet during its rotary

motion.

If the employment of a rapid current is indicated, the regulator

of the intermissions, D, must be turned from right to left, until it

reaches its point of arrest. If, on the contrary, it is necessary to

produce distant intermissions, the same regulator, D, must be

turned in the opposite direction, and stopped when the needle of

the indicator points to the number of intermissions which it is

desired to obtain for each revolution of the large wheel. The
handle, turned from left to right, should always be moved very

quietly, making perhaps two revolutions in a second.

In order to graduate the currents, it is sufficient to remember
that when the stem R is pushed within the ap})aratus the current

is at its minimum. The graduation of this stem in millimetres

renders it possible to divide the electric doses in fractions, in

proportion to the excitability of the organs, and to the require-

ments of therapeutics.

If the region operated upon be highly excitable, or, in other

terms, if it is necessary to administer very feeble doses, the arma-

ture must be moved farther away from the magnet, by turning the

regulator N from left to right.

If it be desired to experiment upon the frog, the armature is

moved away from the magnet as far as possible, and at the same
time the current is cut off from the commutator, by turning back,

from right to left, the small screw at the base of the spring S.

After having thus diminished the power of the apparatus,

infinitely small doses can be measured with the same exactitude as

powerful ones.

Lastly, the knob T of the commutator of the coils must be

turned from right to left, when we wish to bring the current of

the primary coil to the knobs P and P', to which the conductors

of the rheophores are fixed. We turn, on the contrary, the knob
T from left to right, in order to bring to the rheophores the

current of the secondary coil.

§ V.

—

Recapitulation.

The description of the properties possessed by my magneto-

faradic apparatus has shown that its invention constituted a real

progress, not only with regard to its applications in medicine, but

also from a purely physical aspect.
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A.

—

In its pvactical application.

It has been shown that it possesses—1. Two currents, the one an

extra current, the other an induced current, furnished by two

superposed coils, each having special properties. 2. Intermissions

tliat are slow or rapid, at the pleasure of the operator. 3. Currents

that are either alternate or in the same direction. 4. An exact

and truly medical graduation, which measures the largest and the

smallest doses with equal exactness, thanks to a combination of

graduator tubes with the mechanism which I have called the

moderator of the currents.

B.

—

Under a plujsical aspect.

(a). My apparatus shows that the metallic cylinders are in-

duced by the coils as much in a magneto-faradic as in a volta-

fai'adic insti'ument, which has been disputed by the celebrated

physicist of Vienna, Herr Dove ; and, further, that the reciprocal

influence of the coils and the cylinders is only exerted in the parts

of the coils that are covered by the cylinders, whence it follows

that the action of the latter occurs in a progressive manner, and in

arithmetical proportion.

When, from lapse of time and by employment, the magnet

becomes weakened, its power may be restored without dismounting

the apparatus. The turns around the arms of the magnet of the

thick wire, which supplies the current of the primary coil, enable

us to restore to the magnet its original power, by passing the

current of a voltaic battery through the spirals formed by the

wire. The proceeding is thus accomplished :—the armature is

placed in contact with the magnet, and then the current from

a battery of eight or ten of Bunsen's elements is made to pass

through the primary coil, by placing the positive pole upon that

one of the springs of the intermissions which corresponds to the

north pole of the magnet, while the negative pole is brought into

contact with the spring to the opposite side. While the voltaic

current passes through the primary coil, the magnet gains con-

siderably in power (it will support a weight of forty kilogrammes),

and, when the current is interrupted, although the magnet loses a

great part of the force which it received from the voltaic current,

it yet preserves the maximum of magnetic intensity which it

received at the hands of the manufacturer. If the experiment be

repeated, with the poles of the battery current counterchanged,

the magnet is almost entirely demagnetised, but can be imme-

diately restored to its original power by acting as on the first

occasion. I have often repeated these experiments, and can at

any time magnetize or demagnetize my apparatus.
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(&). Thanks to the combination of two superposed coils, formed

of wires of different dimensions, we have not only the advantage of

obtaining currents of different kinds, with special physiological

properties, but we are also able to exhibit the phenomenon of

decomposition of water by the current of the primary coil, the

wire of which is of sufficient size to produce this chemical action,

Avithout requiring to change the reels, as in the case of Clarke's

apparatus. I should add that the commutator of the coils, which

enables us to pass rapidly from one current to the other, without

displacing the conductors, renders this experiment more easy.

(c). Lastly, my apparatus serves to show the great difference

which exists between the induction produced in the magneto-

faradic instruments, by the sole influence of the armature on the

magnet, and that which is the result of solutions of continuity of

the circuit of the primary coil, at the moment when the armature

leaves or approaches the magnet. The mechanism which permits

these experiments is very simple, since it is sufficient to turn in

opposite directions the screw of the rheotome B (fig. 64), placed

at the base of one of the springs, in order to transmit or to arrest

the current, the solutions of which are made between the teeth

of the ring placed upon the small reel.

These results form, I repeat, an incontestable progress. And
yet, how is it that the apparatus has been disregarded, to say no

more, by the physicists whose electro-physiological theories, M'hich

to me seem erroneous, I have so often had to dispute ? It is

because these physicists, ignorant of the requirements of those

physiological, pathological, and therapeutical researches for which

the instrument is adapted, are unable to form an idea of the

utility of the properties that it j^ossesses ; it is, that they have not

even seen the instrument in action, and that they only know it by

a description which they have read without being able to under-

stand. A great number of physicists have examined it, and I

have found that once showing it to them has enabled them per-

fectly to understand its mechanism, which they have afterwards

explained in their lectures or in their works.^ I can affirm, indeed,

- I may mention, among others, MM. ' some of them may even appear super-

De la liive and Jamin, before whom I
j

tluous ; but it wiaild not be wise to pro-

have exhibited electi o-phy.siological ex-
j

nounce, without much circumspection, up-

periments which show the difierent phy- on the identity of the intimate economy
Biological action of the coils of my mag- i of complicated phenomena which we see

neto-electric apparatus, I may also quote
j

only in the aggregate. Bloreover, it is

the opinion of M. Le Koux upon its
|

necessary to recognise that the labours of

merits :

—

this author have not been without intlu-

" This apparatus is unquestionably more
]

ence in perfecting the small instruments

complete than any other of the kind. The
|

which are now at the disposal of medical

means which it offers of graduating and practice, and of which there are numbers
varying its effects are numerous; and presenting almost equal advantages."
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that it is not more difficult to understand than other forms of

apparatus.

Part the Fifth.

HISTOEIOAL AND CRITICAL ACCOUNT OF INDUCTION
INSTRUMENTS.

In order better to appreciate 4he value of my induction instru-

ments, the description and properties of which have been set forth

in the preceding Parts, and to judge of the progress of the art of

fabricating electro-medical instruments, and also in order that the

physician may exercise an enlightened choice among these instru-

ments, I proceed, in the following pages, to pass in review the

principal forms of induction apparatus, from their origin to the

present day. I shall reprint the figures and description of two

learned physicists, and especially of one of them, who, in a work

I have had occasion to quote,^ has profoundly studied electro-

medical instruments. In the second place, I shall enter upon

certain critical considerations, that I have already in great part

set forth in 1855, upon the electro-medical instruments then in

use, and I shall point out their improvements, as well as the

desiderata which still remain to be attained.

§ I.—Historical Eeview.

1 .

—

Magneto-eledriG instruments.

A.

—

Faraday's instrument.—"The first magneto-electric machine,"

says M. de la Rive, was constructed by Faraday (fig. 67). It

consists of a copper

disc, c, movable in a

vertical plane upon a

horizontal axis, and

which is made to turn

between the two 02:)po-

site poles of a magnet,

n. We have seen that

if we connect the two

ends of the galvano-

meter g, the one, w,

with the axis of the
.

,
Fig. 67.—Faraday's instrument.

disc, the other, w,

with a point on its circumference, the deviation of the needle

which takes place in one or the other direction, according to

^ F. P. Le Roux, loc. cit.
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the direction of the rotation, indicates the liberation of a constant
current in the disc. But this current is of very small intensity

;

it is incapable of producing chemical decompositions, contrac-
tions, &c. It is the same with the induction currents, which
are occasioned by the terrestrial magnetism.^
B.—Instrument of PmV.—« To obtain induced currents of

somewhat marked intensity, it is necessary that they should be

developed in wires of

some length, in such a
way that the conductor

which reunites the ends

of the wire should be

moderately good, or at

least not much inferior

to the wire itself, so that

the current may traverse

it, instead of passing

back again by the same
wire in which the in-

duction took place. M.
Pixii was the first to

construct an instrument

on this principle." ^

" The instrument of

Pixii is shown in fig. QS.

A B is a bar of soft iron,

curved in to tlie form of

a horseshoe, and round

it is rolled an insu-

lated copper M'ire, the

extremities of which are

shown at X, Y ; this electro-magnet is fixed. Opposite to it is

placed a permanent magnet, the poles of which are seen at C
and D. This magnet is supported by a vertical axis, M N, on

which is mounted a pinion, I, to which a wheel, K, communi-

cates movement ; a handle, L, serves to put the instrument in

motion.
" As will be seen, the poles C and D of the permanent magnet

alternately approach and recede from the extremities of the

electro-magnet ; there is, then, induced, in the wire covering the

latter, a current which changes its direction with each half turn.

In the original instrument of Pixii a sort of cam was placed at G,

Fig. 6S.—Apparatus of Pixii.

De la Rive, Traite d'dedriciU tMorique et appliqu^e, 1854, torn.

Ibid., loc. cit., p. 79.

p. 378.
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Fig. 69.—Theory of Pixii's arrangement.

in order to work a commutator, which, on account of its com-
plexity, has not been represented in the figure. It is enough to

say that this part of the apparatus had for its office to conduct the

induced current always in the same direction. Clarke's instru-

ment will presently furnish us with an example of a contrivance

which is more simple, and better adapted to its purposes.

"We can produce, by the aid of Pixii's instrument, all the

ordinary effects of induced currents,—heat, light, chemical decom-

positions, &c.

" In order to explain the effect of the arrangement which has

been described, let A and B (fig. 69) be the projections of the

reels, and N and S the poles of

the magnet, on the plane described

by them in their movement of

rotation, which is supposed to

occur in the direction indicated

by the arrows.

" The pole N retires from the

wheel A ; the pole S approaches

it ; as the two poles are of con-

trary names, their actions upon
the reel A concur.

'• They concur also upon the reel B, but the current originating

in this reel is the opposite of that which originates in the reel A

;

and for these currents to combine it is only necessary to connect,

in a convenient manner, the wires which are rolled round the

reels ; and it is sufficient for this, that, if we suppose the horse-

shoe-shaped iron to be set upright, the wire should be wound in

the same direction round both its branches.

"The inductive action is at its minimum when the poles are

equi-distant from the reels, but it does not cease. At the moment
when the poles are very near the reels, the action is much greater,

and it attains its maximum when the poles are opposite the reels

;

but at this moment the induction changes its direction, because

the movement which approximated each of the poles to tlie reel

before which it passed, then removes it."

After having described the apparatus of Pixii, M. Le Eoux has

stated the following theory of magneto- electric instruments, which,

by reason of its novelty and importance, merits to be here repro-

duced :

—

" The curve of the intensities of the current may be exhibited

as in fig. 70, where the distance Aq and Bq represents the time in

which each pole passes from the reel A to the reel B, and so on.

" In reality, the passage from the positive arc, a m h, to the

u
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Fig. 70.—Theory of tbe arrangement.

negative arc, a m h', does not occur so suddenly as is here indi-

cated, because the extremities of the reels and of the magnets

are not mathematical points, but possess considerable transverse

dimensions. We shall return hereafter to this question.

" We may say at once, although it is foreign to the subject of

Pixii's apparatus, that, if we cause the current engendered to act

upon a second circuit, we obtain an induced current, which will be

an induced current of the second kind, caused by magnetic induc-

tion, and the distribution of which is shown in fig. 71.

" In this figure the upper curve is an ideal representation of the

intensity of the current consequent upon the variations of distance

between the reels and
the magnets, and is

such as would be ob-

tained by taking no-

thing but these varia-

tions into account; it

presents a perfectly

symmetrical outline.

But this variable cur-

rent, being able to in-

duce a second circuit,

will induce its own in

such a manner that we
shall have very nearly

the true curve of the

intensities of the cur-

,,. ^, T,, rn .« rent of the reels by
Fig. 71.—Theory of the arrangement.''

±^.^yj ^ ^ j

* The upper trace shows tlie current I The lower trace, the induced current,

induced in the reels of Pixii's instrument. | caused by a second circuit.
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adding algebraically the ordinates of tlie superior curve to those

of the second, reduced to a certain ratio. The final result would

be to destroy the symmetry, and to displace the minima, as if

there were some impediment.

C.

—

Apparatus of Saxton.—" We shall readily perceive that it

was not desirable, and that it was perhaps even objectionable, to

have so massive an electro-magnet as that of Pixii ; while, at

the same time, it was desirable to increase, as much as possible, the

power of the permanent magnet. It therefore became more con-

venient to fix the latter, and to render the former movable. This

was done by Saxton, who made Pixii's instrument approach

nearer to portability by

placing a fixed magnet hori-

zontally (see fig. 72), and

by causing the electro-

magnet, or induced reel, to

turn upon an axis parallel

to the plane of the magnet.
" It is therefore still the

principle of Pixii that we
find in this instrument

;

which, although present-

inof an arrano-emeut less

desirable, in a theoretical point of view, has none the less prepared

the way for the employment of magneto-electric instruments in

medicine."

'

In this instrument,- the handle causes the rotation upon its axis

of the armature of soft iron which carries the reels.

D.

—

ClarTie^s apparatus.—There was yet a means of rendering

the instrument still less cumbrous, without occasioning any notable

diminution in its power : this was, to

render the magnet A vertical, and

to cause the electro-magnet to move
round a horizontal axis X X' (fig. 73)

in such a manner that the extremities

of the electro-magnet revolved in a

plane parallel to the branches of the

permanent magnet.
" Such an arrangement was realized

by Clarke, and is shown in figure 74.

A represents the permanent magnet

;

and H is the axis on which the electro- *'«• f^.-cu.rke's inttn:mf ut

72.—Saxton's instrument.

* Le Eoux. I). T6.
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magnet turns. This axis carries a pinion, over which passes a

Yancanson's chain, carried by the large wheel E, which is itself

turned by a handle.

"The electro-magnet is no longer, as in Pixii's instrument,

a single bar of soft iron curved into horse-shoe shape ; but

consists of two distinct

reels, G and F, the soft-

iron centres of which are

united, on one side, by
a traverse of the same
material, and on the other

side by a traverse of a

material that is not mag-
netic. This arrangement

is equivalent to an electro-

magnet formed in a single

piece, but it is more easy

of construction, and less

cumbrous.

"The analysis of the

currents produced by this

last apparatus is the same

as for that of Pixii's ; the

currents changing their

direction at each half-

revolution of the reels.

When it is desired to

have a current al ways in

the same direction, it is necessary to interpose, between the reel

and the place where the electricity is to be used, a contrivance

which has received the name of tlie Bedresser of the currents or

the Commutator.
" The following is a description of this contrivance, in Clarke's

instrument :—A collar, H, formed of non-conducting material, is

mounted on one of the extremities of the axis on which the reels

turn ; and two metallic half-cylinders, separated from each other

by two small intervals at diametrically ojoposite points, are placed

upon the collar. Each of them is permanently connected with

one of the ends of the wire of the reels ; and two springs are con-

stantly applied over the half-cylinders. By the rotation of the

axis, each of the half-cylinders comes successively into contact

with each of the two springs.

" When we wish to display physiological effects, we can employ

he current without the commutator; but the effects will then be

Fig. 74.—Clarke's instrument.



HISTORY, &c., OF INDUCTION INSTRUMENTS. 293

of slight intensity. The power of the shock may be increased

by utilizing a final extra current that may be produced by the

following contrivance.

" The metallic plates M and N, communicate with the conductors

R and S, which are represented in fig. 74, and the circuit being

completed by any part of the human body, if we then make a com-

munication by a metallic arc between the two half-cylinders, the

current will take, by preference, this direction, in which the resist-

ance is extremely weak, rather than pass through any part of the

body, so that the latter will receive scarcely anything ; and, more-

over, the current of the reels will have its maximum of intensity

for the given speed of rotation of the instrument, since the external

resistance is almost nil. If we then interrupt the metallic com-
munication between the two half-cylinders, the intensity of the

current will be reduced almost to zero by the great resistance of

the human body, and it will induce in the reel a current of inter-

ruption, of which the intensity is very great, as its electro-motor

force is considerable ; and which, during its short duration, will

possess a new physiological quality.

" This extra current will be stronger, in proportion as the cur-

rent, by the interruption of which it was engendered, was itself

more powerful ; and it ought, therefore, to be produced at the

moment of coincidence of the poles with the reels." ^

E.

—

Pages instrument.—"When we approximate, or remove,

a piece of soft iron to or from the polar extremities of the per-

manent magnet, we produce in its branches variations of magnetism
which may be used for the induction of a circuit. This has been
done by the American physician, who has given his name to the

instrument next to be described.

" Page has surrounded the extremities of the branches of a per-

manent magnet with coils of fine and long wire ; and by means
of a screw, worked by the handle D (fig. 75), this magnet can be
moved nearer to, or farther from, a bar of soft iron, E F, which is

mounted perpendicularly upon an axis, carrying a pinion to which
rapid movement can be communicated by a large toothed wheel.
The movement of the magnet is a means of graduating the inten-

sity of the currents that are produced. These currents are con-
nected, as in Clarke's machine, by a commutator mounted on the
same axis as the soft iron ; to this is added an interrupter, K, of the
same kind as has already been described, and which is arranged for

the production of an extra current, required for physiological action.

" In the instrument shown in fig. 75, the position of the commu-

* Le Rous, p. 30.
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Fig. 75.—Page's instrument.

tator may be regulated relatively to that of tlie soft iron, in such

a manner as to obtain the maximum of effect, and to exhibit many
circumstances connected with the production of induced currents.

" It should also be remarked that, in this instrument, a complete

revolution of the soft iron produces four induced currents, changing

their directions alternately ; while only two are produced by

instruments of the type of that of Pixii.

F.

—

Instruynent of Dujardin.
—" Constructed on the same prin-

ciples as the foregoing.

G.

—

Instrument of MM. Breton, freres.—" Its principle is also

the same as that of Page's instrument ; but it was one of the first

Fig 76.—Instrument of Breton, freres.
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made easily portable, and adapted for use in practical medicine
(fig. 76).

"The ineans of graduation are the same as in Page's instrument.
" MM. Breton, following the example of M. Duchenne, wound

two coils of wire round the branches of their permanent magnet;^
the external is formed by a finer and longer wire than the internal,

and they can, at pleasure, utilize the induced currents that are

developed in one or other of these coils, in the effects of which they

can discover certain differences. We shall examine this question

more fully, with reference to the instrument of M. Duchenne." ^

H.

—

Gaijfes instrument.—" This is at once the instrument of

Saxton and of Pago ; or it may be described as Page's instrument,

Fig. 77.—Gaiffe's instrument.

in which the bar of soft iron has been replaced by Clarke's electro-

magnet (fig. 77).

" The chief merit of the maker of this instrument has been to

understand that, as magnets have a force relatively greater in

proportion as their weight is less, while the induced forces rapidly

increase as the distances diminish, there was every advantage in

reducing the size of the apparatus, when tension, rather than

quantity, is desired.

" Thus, the magnet of the instrument, represented above, weighs

only half a kilogramme, and will support about five kilogrammes.

' Le Roiix, p. 31. and weaker than the present one. The
^ This arragement of the magneto- former is that which is generally to be

electric apparatus of the MM. Breton found in the Paris hospitals, although
is quite recent. Their original instru-

;
the latter is much to be preferred on

ment had only one coil ; and it is smaller account of the recent improvement.
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The coils of the armature are formed by a wire one-tenth of a

millimetre in diameter, and about 170 metres in length ; those

of the magnet are formed by 280 metres of the same wire.

"M. Gaiffe considers that the coils of the armature furnish

about two-thirds of the effect, and those of the magnet one-third

only.

" The currents of the armature change their direction twice

during one revolution of the axis on which they are carried, while

those of the coils rolled round the magnet change four times,—the

maxima of the two first being considered as coinciding with two

of the second ; and it may be said that, by an arrangement of the

wire, the directions of the currents are the same. As the currents

change their direction in the reels of the magnet before they

change in those of the armature, their effects are at one moment
in part destructive of each other, unless controlled by a com-

mutator arranged to correct them singly in proper time ; but this

addition would be an extreme and perfectly useless complication,

because the currents that are produced are utilized by an in-

terrupter of the kind that has been described with reference to the

machine of Clarke.

" This interrupter acts only at the moment when the currents

of the armature are at their maximum ; because that is the time

at which is established the additional action of the two currents.

" The apparatus also possesses a redresser of the current analo-

gous to that of Clarke, but with no other office than to give the

same direction to two discharges which are produced at each revo-

lution. This direction is indicated by marks on the binding-screws

which serve to give attachment to the conductors ; and the fur-

nishing of such marks is a care that cannot be too strongly recom-

mended to manufacturers. The direction of the discharges is not

a matter of indifference, and manufacturers should undertake to

furnish to practitioners every possible facility for determining it."
^

2.—Electro-Dynamic Instruments.

A.

—

RuhmJcorf's Induction Coil.—" In the cases, although they

are somewhat rare, in which sparks of high tension are required,

there is no better source of them than the instrument which has

gained for M. Euhmkorff a well-merited celebrity. We give (fig.

78) an illustration of a small model, which produces sparks eight

or ten miia~»:\etres in length, and which can be borne when they

do not sucCt>3d one another too quickly. These coils of relatively

strong tension may replace the electricity of the ordinary friction

2 Le Koux, he. eit.. p. 31.
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Fig. 78.—Ruhmkorff's induction reel.

machines, especially when they are furnished with an interrupter

for giving isolated discharges at the pleasure of the operator.

(a). Buhmhorfs hos-

pital apparatus.— " IM.

Kuhmkoiff has recently

arranged a portable ap-

paratus, designed espe-

cially for hospital use,

and in which are com-

bined the conditions

most essential to secure

the regular employment

of induction currents.

"This apparatus (fig. 79) contains two elements of zinc and

carbon with bisulphate of mercury ; the zinc can be more or less

deeply immersed in

the liquid, as a means

of graduating the in-

ductive effect. One
of these elements

suffices for ordinary

cases; the second is

especially as a re-

serve. The mode of

graduation is by the

greater or less inser-

tion of one coil within

the other, by which

the effect can be

reduced, if needful,

almost to zero. The
trembler is that of

Neef: and the fre-
,, . . , Fig. 79.—Ruhmkorff's apparatus.

quency oi its inter-

ruptions can be regulated by means of a screw. A star, moved

by a small handle, enables the operator to produce intermittent

effects.

" This instrument gives either the extra current, or the induced

current of the first kind."

(&). BuhmJcorff's portaUe apparatus.—" The same manufacturer

has also long made a portable apparatus specially intended for

private practice, and which is of much smaller bulk than the fore-

going.

It contains two elements of zinc and carbon with bisulphate of
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Fig. SO.—Kuhmkuifi's poitabie ajiiiuiatus.

mercury ; and the elements are extremely simple. The carbon is

obtained from the inside of gas retorts, and is in the form of little

cups, in which are placed thin plates of zinc. The mounting of

this battery is very easy ; and its action continues sufficiently long

for most applications. It must, it is true, be mounted and dis-

mantled at each time of using.

"There are two coils, which act precisely in the same manner,

and are, indeed, one coil divided into two. The graduator is a

copper covering external to the coils.

"The interrupter is . the trembler of Neef; and a star outside

the box permits the production of intermissions.

" The apparatus gives, at pleasure, the extra current or the in-

duced current.

" It is represented in fig. 80 at one-third of its natural size." ^

(c). Dr. A. Tripiers apparatus.—This is a non-portable apparatus

with a detached battery. I have reproduced the author's illustra-

tion, and part of his description.''

" In this figure (fig. 81) the induction circuit is that of the reel

of fine wire, B ; the commutator C, and the handle D are so

arranged as to convey to it the battery current, the electrodes of

which terminate at a and a!. The rheophores attached to the

polar extremities of the circuit B receive, by two handles, the extra

currents of high tension that are developed in the circuit. The

rheophores attached to the reel B' proceed each to one of the

branches of a forceps for experimental purposes, and afford induced

currents of low tension.

" The endeavour of M. Tripier is certainly praiseworthy, and it

3 Le Koux, loc. cit., p. 50.
* Tripier, Manuel cVeledro-therapie,

I'aris, 18G1 (which see, for the different

effects that, according to the author, may
be obtained by combinations of diftereut

parts of his apparatus).
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is a matter of great interest to be able to compare the effects pro-

duced under circumstances that are very different, and moreover

well defined. But it

was, perhaps, not wise

to seek the means of

this comparative study

in a complex apparatus,

in which the building

up of different parts

above one another

micjht create a diver-

sity of conditions diffi-

cult to estimate,—such

as differences of dis-

tance, of intensity, &c.

In the performance of

chamber experiments

it is much more simple,

more exact, and also

more economical, to

have a number of reels

in which a single con-

dition varies from one

to another, and all sup-

plied by a single inter-

rupter in which the

motor is independent

of the active current,

as arranged in some

models of the inter-

rupter of Foucalt."

(d). The apparatus

ofDu Bois Reymond, or

of Siemens and Halske.
—" The battery cur-

rent is brought to the

^ A, A', biuding-screws, to receive the
electrodes of one of the Ijatteries ; a, a,
binding-screws to receive the electrodes

of the other battery. B, reel on which is

coiled the fine wire ; b, small reel of fine

wire containing within it an electro-

magnet, whicli regulates the circuit of

the preceding. B', reel on which is coiled

the thick wire ; b', a small reel of thick

wire, containing an electro-magnet, which
regulates the interruptions of the circuit

of the reel B', when this is traversed by
the battery-current. E, head of the

stem whicli contin^^es the central electro-

magnet, and forms a handle for it. C,

commutator. D, handle, placing the ap-

paratus in communication with one or

other of the batteries.
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two binding-screws A A' (fig. 82), and traverses the electro-magnet

D, and the inductive coil B ; the pieces E, v, a, constitute a Neefs

trembler. The instrument furnishes an extra current.^

Fig. 82.—Apparatus of Du Bois-Reymond.

" A second reel B', wound with a fine wire, may either cover the

first completely or be removed to a distance from it. This is

the seat of the induction.

"The inductive coil contains wires of soft iron, the number of which

may be varied so as to graduate the effects in another manner.
" The apparatus is very simple, and very well contrived with

regard to experimentation, and for all that regards the graduation

of the induced currents."'^

(e). Morins apparatus.—" This instrument was one of the first

to fulfil the conditions of convenience required for the carrying

out of electro-therapeutics in private practice ; and among the

most useful of ]M. Morin's arrangements may be reckoned the close

combination of the battery and the induction coil. The com-

bination was the more difficult, as it was accomplished under the

condition of employing a Bunsen's battery, only slightly modified.

" Fig. 83 gives a general view of the apparatus. The battery

and its accessories are placed in the division to the right. A is a

planchette, to which is fixed the induction apparatus properly so

called ; and at A' the same system is shown uncovered.

Fig. 84 exhibits a section of the coil. D is a tube of tin, which
can be withdrawn at pleasure, together wdth various rods of iron

wire ; G is a movable copper cover, which acts as graduator ; then

® Le Eoux, loc. cit., p. 53. The original influence of the coils, of which the outer
instruments of my own, presented in 1848 one was movable. Tiiis disposition has
to the Academy, liad a movable arrange- been imitated by M. Du Bois-Reymond

;

ment of the coils, the thick wire being I shall presently explain for what reason I

internal and fixed ; and were graduated myself abandoned it.

in the same manner by the reciprocal
|

' lb., p. 54.
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Fig. 83.—Morin's apparatus.

comes the fine wire that is the seat of the induction ; and the thick

or inductive wire is placed external to it. At e is a small piece of

iron screwed into the wood of the reel ; it becomes magnetic under

the influence of the current,

and attracts the contact-

maker d. This is formed

by a plate of soft ironjointed

at its extremity to another

plate of the same metal, a,

placed at the side of the

coil in such a manner as

to be magnetized by the

inductive current and to

increase the attraction. It

has no antagonistic spring,

—its weight rendering one

unnecessary. The contact-

maker d carries a small

plate of platinum, which

strikes upon another plate

of the same metal, the dis-

tance of which is regulated

by means of the stem ter-

minating in the knob h.

This knob, after it has been

turned a certain number of

HAD sun EAU

Fig. 84.—Apparatus of Legendre and Morin.
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times, serves to produce more or less rapid intermissions, at the

pleasure of the operator.

" At L is a movable and flexible lever, which serves to establish

communication between the coil and the battery. For this purpose

it carries a stem which proceeds to the platinum, I, that is fixed in

the caibon of the battery.

'• The battery (fig-. 85) is composed of a copper cylinder. A, lined

by thick zinc, E, and within this a porous vase, C, containing a bar

of gas carbon, H. Within the porous vase

is put nitric acid or bichromate of potash,

and pure water outside it. A lid of gutta

percha, B, closes the whole system almost

hermetically.

This battery presents the inconveniences

inseparable from the use of nitric acid, but

it has the advantage of yielding a notable

quantity of electricity, with that of being

prepared beforehand, of remaining many
hours in action, and of being dismantled at

leisure; while the small batteries of bisul-

phate of mercury should be prepared at the

bedside of the patient.

" The apparatus of IMorin may be regarded

as arranged to furnish currents for purposes

in which quantity is one of the elements

to be regarded ; while most of the other

portable instruments have been constructed

chiefly with a view to tension, and in order

Fig. 85.—Battery of Legendre and to attain thc mean limit of cffect fixcd by
Morin's instrmnent. .-, -i 'Tj. i" m • i

the sensibility oi our organs, the inventor

was desirous, according to his own expression, not mei-ely to con-

struct an apparatus for giving sho(^ks, but one that should be

truly physiological.

" The apparatus gives the extra current, the induced current,

and the two together. M. Morin appears to have been the first to

employ this combination."^

(/). The instruments of M. Gaiffe.—This ingenious maker long

ago constructed a small and very portable apparatus, represented

at one-fourth of its natural size in fig. 86.

" The battery and the induction coil occupy two separate com-

partments, opening independently of each other. The battery is

composed of two elements of zinc and bisulphate of mercury, con-

* Le Ronx. p. 75.
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£ lt,Sli£iiir,

Fig. 86.—Gaifle's apparatus.

tained in a cell of hard caoutchouc, at the bottom of which are

fixed two plates of gas-carbon. The platinum wires that establish

the communication are imbedded in the mass, and project beyond
it ; the two zinc plates lie flat in the place prepared for them

;

and the apparatus requires nothing beyond the establishment of

the communications,—nothing can be more easy of manipulation.
" The apparatus furnishes the extra current, the induced cur-

rent, and, if needed, the combination of the two. The communi-
cations are easy to make : since M. Gaifife has taken the precaution

to mark the direction of the currents uj)on the binding-screws

that receive the conductors to the rheophores,

" In the figure, L is the small cell of caoutchouc, containing the

two elements of the battery. K, a tube containing a jarovision of

bisulphate of mercury ; M, induction coil ; R, knob of the gra-

duator tube ; 0, Q, pieces of the trembler ; P, knob that is pressed

upon to produce isolated interruptions; N, cylinders; T, various

exciters.

New-Pattern cMoride of silver hattery.— " M. Gaiffe has ar-

ranged a new pattern, the felicitous combination of which practi-

tioners will not fail to appreciate. He has been stimulated by the

example of M. Trouve, whose hermetically sealed pile will pre-

sently be described ; but he has known how to avail himself of

the valuable properties of the fused chloride of silver,^ to which
Mr. Warren de la Rue has recently called attention. Each of the

elements of the battery contained in Gaiffe's apparatus is composed

" A battery of salt water, chloride of
silver, and iron or zinc, had been em-
ployed, nearly thirty years ago, by M.
Becquerel, in his researches upon the
electro-chemical treatment of the ores of

silver 'Seu Beciuerel and E. Becquerel,

Traite d'eicctricite, tom. ii. Paris, 1855).

M. Marie'-Davy has constructed a battery

of zinc, pure water, and fused chloride of

silver ( Comptes renchis de VAcademie
des Sciences, tom. xlix., 1S59;. M. E.

Becquerel (M^moire sur la pile toltaique
in Annales du Conservatoire des arts et

me'tiers, tom. i., p. 295, 1861 j has deter-
mined the electru-iuotor force of a pair in
which the depolarization of the negative
electrode was obtained by precipitated
chloride of silver placed upon a diajjhragm
of the battery. He found it a little in-
ferior to that of a pair with sulphate of
copper ; that is to say, very little more
than half that of a j^air with nitric acid.
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Fig. ST.

Part of the chloride of silver battery.

Fig. 88.

Internal view of the chloride of silver battery.

(figs. 87 and 88) of a plate of zinc, Z, and a plate of silver, Y, over

which is fused a certain quantity of chloride of silver. It is then

inclosed in a covering of fine tissue, to prevent the reduced silver

being precipitated to the bottom of the cell. The whole is con-

tained within a sort of box of hard caoutchouc, closed by a screwed

stopper, and filled up with water containing five parts of sea-salt

in every hundred. The projections of pure silver, V, V, to which

the plates Z and Y are secured, convey the current outwards.

J, K, is a caoutchouc band, which holds the plates together, while

the intervening caoutchouc cushions, I I', maintain them at a

constant distance.

" The quantity of chloride of silver is such that the battery will

continue in steady action for ten hours with constant intensity,

the circuit being completed by the induction coil.

"When the battery is exhansted, it is sufficient to unscrew the

cover, and to attach a fresh plate, Y, of chloride of silver, with

which one should be furnished in advance. The reduced silver

being all recovered, the expense consists only in manipulation,

and in converting the reduced silver into chloride.

" This battery affords the inestimable advantage of remaining

always ready, and in its place in the apparatus, for any length of

time without alteration, as the chemical action which determines

the reduction of the nitrate of silver does not occur unless the

circuit is complete.

" According to the estimate given in the note above, we may

say that M. Gaiffe's two elements are equal, in electro-motor

power, to one element of Bunsen's.
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" Lastly, the apparatus affords a valuable source of graduation in

the power to use either one or two elements, as they are inde-

pendent of each other.

" Fig. 89 affords a general view of the apparatus ; it is entirely

contained in the box A, B, C, D, which is divided into two parts.

Fig. by.—(Jliloride of silver battery.

The first compartment contains the two elements which have been

described, L L', fixed between the sides of the box, by tlie springs

which serve to establish the communications. The second com-
partment contains the coil M, and its accessories. At one end of

the coil is the knob E of the graduator tube; at the other, a

trembler, which M. Gaiffe has ingeniously mudified. Instead of

its being regulated by a screw, which, in inexperienced hands,

often strains the spring, it is under the control of a bent lever, P,

which may be depressed to the position P', where it serves as a

pedal for the production of slow interru})tions, when pressed down
with the finger, so as to touch momentarily the small screw 0."'

1 Le Roux, p. 5i', he. cit.
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{g). Trouves electric roll.—" The small induction coils con-

structed by this skilful mechanician are chefs d'oeuvre of in-

genuity and precision. One of these coils is

shown at B, in fig. 90, at half the natural

size.

" We have already described the inter-

rupter employed by M. Trouve.
'"' His coil is composed of a very delicate

plate of soft sheet-iron, rolled into a helix,

and surrounded by a copper graduating-tube,

the end of which is seen at 0; the inductive

wire and the induced wire are placed end-

wise ; the first forms six layers, the second

eighteen.

" The knobs for the rheophores are placed

at 5 and 1 . The extra current of the two

layers, the complete extra current, the

induced current only, and the combination

of both currents may be obtained.

"Single intermissions are produced by

interrupting with the hand the contact be-

tween the battery and a small knob attached

to the coil for the purpose.

" The battery, which is shown at A, is a

box of hard caoutchouc, closed by a screw

lid, which carries a cylinder of zinc, a little

less than half the length of the box. The
latter is half filled with water, to which is

added three or four grammes of bisulphate

of mercury. It follows, from this arrange-

ment, that the battery only acts when the

box is placed wdth its lid downwards. Thus

charged, it will work for about an hour and a

half.

"The effects of this small apparatus are

comparatively remarkable, and are to be

explained by the care shown in its construc-

tion, by the complete insulation of all its

parts, and by its perfect combination of the

conditions most favourable for producing

the results that are desired.

" It is only just to add, that M. Gaiffe long since prepared the

wav for the manufacture of small induction coils ; but M. Trouve'

(5)

/m

Fig. 90.—Trouve's electric roll.
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appears to have readied the farthest limits of possibility in this

direction,"^

§ II.

—

Critical examincCtion.

The account of the principal electro-medical instruments, in

their chronological order, which has been given in the preceding

pages, and which has been in great part quoted from the excellent

memoir of M. Le Roux, has brought sufficiently into relief their

successive improvements, at least from the physical point of view.

But do they fulfil the requirements of localized faradization, as

applied either to the electro-muscular experiments (which, in my
researches, have thrown so much light upon the physiology of

locomotion), or to electro-muscular testing (which often decides

the diagnosis of so many mnscular affections), or to the treatment

of disorders of the central or peripheral innervation, of sensibility,

of motility, or lastly, of nutrition ? To decide such a question, it is

necessary to possess some anatomical and physiological knowledge,

and to have acquired, at the bedside of patients, sufficient practical

experience.

The physicist whom I have quoted (M. Le Roux) has wisely

kept silence upon the point ; thus implicitly declaring himself

incompetent to deal with a purely pliysiological and medical

question. In order to ascertain whether all induction instruments

possess the whole properties which would render them applicable

to the electro-physiological and clinical studies which I have

described, and to the fulfilment of certain therapeutical indica-

tions, I must inquire whether they have been constructed with the

physical and mechanical conditions necessary for the attainment

of these properties ; or, that is, whether they possess,— 1. a double

induction ; 2. an exact graduation ; 3. intermissions, rapid or

slow at pleasure ; 4. a sufficient degree of force ? The considera-

tions which I have already stated with regard to the utility of

these conditions, which all electro-medical instruments should

combine, render it unnecessary for me to enter upon the subject

anew. It will be enough to state briefly the principal facts upon

which my critical examination will be based.

1. Magneto-electric instruments.

(A). Double induction.—Whatever may be the physical theory

of the phenomena of double induction in magneto-electric instru-

ments—a theory on which physicists will, I hope, before long

agree,—it cannot now be denied that the currents which proceed

= Le Eoux, p. 63.

X 2
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from eacli of the two coils exert, as in the electro-dynamic instru-

ments, physiological actions which distinguish them apart, and

which severally fulfil special therapeutical indications.

It follows from the facts, the experiments, and the considera-

tions, which I have already stated (Chap. I.) :

—

1. That the current of the second coil excites the retina more

acutely than that of the first coil, when it is applied by moist

rlieophores to the face, or to the eyeball (see A, p. 23).

2. That the current of the second coil excites the cutaneous

sensibility more acutely than the current of the first coil (see

B, p. 24).

3. That the current of the first coil excites, more acutely than

that of the second coil, the seusibility of certain organs situated

more or less deeply beneath the skin (see C, p. 24),

4. That, in faradization of the nervous extremities by reflex

action, the current of the second coil produces more energetic

muscular contractions than the current of the first coil (see

D, p. 26).

5. That when the moist rheophores are applied to the cutaneous

surface, the current of the second coil penetrates more deeply

into the tissues than that of the first coil (see E, p. 26).

6. That the different physiological actions of the currents of the

first and the second coil cannot be applied indifferently in thera-

peutics (see A, p. 33),

As a corollary to the foregoing propositions, we may conclude

that amj magneto-eledric apparatus intended for medical practice,

which does not jjossess first and second coils, constructed with certain

relative proportions of length and diameter of wire, tvill not fulfil all

the requirements of therapeutics.

The foregoing considerations have not failed to exert a great

influence on the manufacture of magneto-electric instruments.

Indeed, either from understanding the importance of the matter,

or in order to supply the demands of physicians, the makers of

the magneto-electric instruments most generally found in medical

practice (MM. Breton freres, and Gaiffe) have applied double

induction to them. It is, doubtless, from forgetfulness that M. Le

Roux has failed to mention this important feature of Gaiffe's

instrument, on which, in other respects, he has bestowed a merited

eulogium. The omission is more to be regretted, since this skilful

manufacturer has endeavoured to find those relative proportions of

diameter and length of wire, with reference to the power of the

magnet, wliich will give to the coils the maximum of their different

physiological action. M. Gaiffe manufactures a small, a medium,

and a large magneto-electric instrument, and it is to the last two
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that he has adapted the double induction. It is to be regretted

that the Paris hospitals are supplied only with the first or small

model, which is insuificieut, not only on account of the weakness of

its current, but also from the absence of the current of the second

coil.

MM. Breton freres have manufactured a large and a small

magneto-electric instrument. According to M. Le Eoux, they have

endeavoured to add the double induction to the former.

I have had occasion to examine the differential action of the

two coils in one of two of these instruments which I found in one
of the Paris hospital^!, and, to my great surprise, the distinctive

characters of their differential action were scarcely appreciable.

What could be the reason of this ? Have MM. Breton observed

those proportions of length and diameter, which the wires of the

first and second coils should possess, with regard to the initial

force of the magnet, in order that double induction may be pro-

duced ? Are the two coils perfectly independent of each other ?

Not having unw'ound them, I am unable to explain the actual

reason. It would be easy for these skilful manufacturers, who,
by having been the first to construct portable magneto-electric

instruments, have so much contributed to popularize the applica-

tion of induction currents, to fulfil the desideratum which it has

been my duty to point out.

B.

—

Slotv or raj^id intermissions.—In the part (Chap. I., Part

I.) in which I have described the properties and the particular

arrangements which every induction instrument intended for

medical practice should possess, I have made known the special

action which slow or rapid intermissions exert,—1, upon electro-

muscular contractility ; 2, upon muscular sensibility ; 3, upon
muscular tonicity ; 4, upon muscular nutrition ; 5, upon electrv

cutaneous sensibility.

Lastly, I have passed in review the chief pathological conditions

in which rapid intermissions should be preferred ; and also those in

which they are formally!; contra-indicated, and in which they

should be replaced by intermissions more or less distant, on pain

of sometimes occasioning accidents. It follows that any magneto-

electric apparatus which is not so constructed as to yield currents

with slow or rapid intermissions, according to the therapeutic in-

dications to be fulfilled, will be inapplicable in a great number of

cases.

This has been well understood by M. Gaiffe, who, in imitation

of my magneto-electric instrument, allows the electrodes to receive

only one or two intermissions for each revolution of' the large

wheel.
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It is to be hoped that all other manuracturers will follow an

example that is easy of imitation. It would be a great step in

advance.

C.— Graduation.—Every medical induction instrument should

afford a means of distributing its currents in doses proportionate

to the very different degrees of excitability (which may depend

upon the state of health or upon the state of the disease) of the

sensitive or motor nerves, of the muscles, and of other organs more

or less deeply situated (see § IV., p. 241). Moreover, the gradua-

tion should be exact, and should range over a sufficiently extended

scale.

Without these conditions, magneto-electric instruments are often

inapplicable to medical practice.

The instruments of Pixii, of Clarke, and of Saxton are entirely

AAithout graduation. Page was the first who endeavoured to obtain

it, by rendering the magnet of his apparatus movable (see fig. 75),

so that it could be placed nearer to or farther from the soft iron.

The idea rested upon the principle, that, in a magneto-electric

instrument, the farther the magnet is moved from its soft iron or

its electro-magnet, the more the inductive influence of the alternate

changes of state of these magnets will be weakened, and vice

versa.

Since then, this method of graduation has been imitated by most

makers. But it is very defective, because there is no proportion

between the divisions of the graduator and the diminution or

augmentation of the intensity of the current, when the magnet

is moved farther from or nearer to the soft iron.

The graduator is, in general, a small metallic stem, which serves

to draw back or to push forward the magnet. It is about a centi-

metre and a half in length ; and its action only becomes sensible

in its second half, because, in the first half, the soft iron does not

exert on the magnet any physiological influence that is appreciable

in man. From the commencement of the second half, or there-

abouts, of the graduator, the current increases in enormous pro-

portion (in geometric ratio, or nearly as the square of the distance).

It is impossible exactly to apportion the power of faradization by

means of a system that is so irregular.

Moreover, even if the movement of the graduator and the increase

of the force of the current were in exact relation, or, in other words,

if the increase and diminution of the intensity of the current were

in aritlimetical proportion to the movement, the system would still

be inapplicable to localized faradization, either for physiological,

pathological, or therapeutical purposes, because it is not made

upon a scale of sufficient extent.
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It has been seen, however, that I have applied the system of

Page to my magneto-faradic instrument (with the difference, that

instead of the magnet, it is the soft iron that I have made movable),

but that I have em})loyed it only as a moderator of the currents (see

E, p. 282), that is to say that its purpose is to convert a very power-

ful magneto-electric apparatus into one that is more or less feeble,

the stronger or the weakest doses of which I measure by metallic

graduated cylinders (see D, p. 282). This system of graduation

by cylinders is only applicable to coils rolled around the magnet.

2.

—

Electro-Dynamic Insteuments.

A.

—

Double Induction.—The differential electro-physiological ac-

tion of the currents of the primary coil (extra current), and of the

secondary coil (induced current), is incomparably more marked in

the volta-electric than in the magneto-electric instruments. More-

over, we obtain from the former, in small bulk, a much greater

power. These are the chief reasons which render the volta-electric

instruments the most useful for medical purposes, and which have

gained for them the preference in practice, and especially in the

Paris hospitals, where they are more common than magneto-elec-

tric instruments.

When I commenced my researches (towards 1840), the electro-

dynamic instruments had usually only an extra current ; and those

which possessed double induction, like the apparatus of Rognetta,

constructed by MM. Breton /reres, used only the induced current.

But, since I have shown that the extra current and the induced

current exert different actions (which compelled me to write that

they possessed different physiological properties, an expression so

much and so unfairly criticized by the MM. Becquerel), the makers

have endeavoured to construct instruments which should yield one

or the other current, at pleasure, according to the indication to be

fulfilled.

It is necessary to know that, in order to obtain an extra current

of sufficient intensity to be useful, the wire of the coil must be of

sufficient length. I have not found in any electro-dynamic ap-

paratus, even the most bulky, a sufficient differential action

between the currents of tlie two coils, which evidently depends

upon a fault of construction (a defect in proportion between the

length and the diameter of the wire) ; in some instruments, I have

even found no difference—which is to be explained by a fraud that

I proceed to describe. These instruments have but a single coil,

composed of a thick wire (about half a millimetre in diameter), of

sufficient length, and continued by a wire that is relatively very

fine (from a sixth or a seventh of a millimetre in diameter). Two
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electrodes receive the current from the thick wire, and two others,

which communicate with the extremities of the fine wire, receive

the current of the entire helix, which is then composed of a thick

wire in its first part, and of a longer and very fine wire in its

second. Every one will understand that these electrodes can only

give an extra current proceeding from the same coil, and that the

current of the entire coil will be more intense than that of its first

portion ; but that these currents cannot possess the differential

properties of the extra current and of the induced current. Such

instruments are sent into the market as if they possessed both.

Their manufacture is, as may be imagined, more simple and less

costly than that of double-induction instruments ; but the purchaser

is deceived. It is fortunately easy, when forewarned, to discover the

fraud, by the absence of the difterential properties of the currents.

B,

—

Intermissions.—Formerly, the electro-dynamic instruments

made only rapid intermissions, obtained either by wheels analogous

to that of Masson, or by tremblers constructed on the principle of

the apparatus of Neeff.

At present, most of the instruments afford, at pleasure, either

slow or very rapid intermissions. But each of the slow intermis-

sions should be perfectly isolated, distinct, and without vibrations.

The slow intermissions of the large electro-medical apparatus of

Euhmkorff (see fig. 79) are deceptive; each tooth of his star-

shaped wheel receives a series of very rapid intermissions from

his trembler. I have pointed out this fault of construction to this

skilful maker, who has undertaken to correct it, and to produce

on his wheel d(3fined and isolated intermissions.

The intermissions produced by the contact of a metal plate,

forming a spring, are not always well defined. The friction gives

one strong intermission, followed by a series of extremely rapid

small vibrations, which acutely excite the sensibility, and render

muscular faradization painful.

The rheotomes of slow intermission have the inconvenience that

they either occupy one of the hands of the operator or require the

presence of an assistant ; with the pedal rheotome, such as I use

myself (see Y, fig. 52), this inconvenience is avoided. It is to be

desired that all makers would attach this accessory to their electro-

dynamic instruments.

The greater part of the tremblers of electro-dynamic instruments

give vibratory intermissions. M. Gaiffe has especially endeavoured

to remedy this defect.

C.

—

Graduation.—When I commenced my researches upon the

improvements that could be made in induction instruments, MM.
Breton freres had already constructed, under the direction of
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Rognetta, an electro-dynamic apparatus of double induction, in

which the graduation of the induced current was obtained by-

gliding the coil of thick within the coil of fine wire. While
gradually placing tiie first within the second, the induction only

occurred in the spirals that were brought into mutual relation,

and hence the intensity was proportionately increased. The reverse

occurred as the first coil was withdrawn. This method of gradua-

tion was perfect ; and I originally adopted it for my volta-electric

and magneto-electric instruments (see fig. 51) ; modifying it,

however, in an important manner, and applying it to the gradua-

tion of both coils (which Rognetta had neglected because he did

not utilize the extra current,—not being aware of the difference of

its action from that of the second coil).

Instead of the internal coil (of thick wire), as in the apparatus

of Rognetta, it is the external coil of fine wire which I have ren-

dered movable, and which, in covering or uncovering more or less

of the internal, glides upon two metallic conducting stems, which

are in communication with the extremities of its wire and with the

knobs of the electrodes. In order to obtain the graduation of

the extra current by the second coil, I completed the circuit of its

wire, and caused it to move over the first coil. It is needless to

say that the graduation was the same as in Rognetta's instrument.

This system of giaduation was excellent, but I have abandoned
it, since I discovered that metallic cylinders moving over the in-

terior and the exterior of the coils graduated equally well the

intensity of the currents. Then, instead of constructing two inde-

pendent coils—the external to receive the internal wliich remained

fixed,—I wound the coil of fine wire directly over the thick wire

(each layer being insulated, it must be understood, by varnished

paper). The result was, an increase of the intensity of the induced

current, by the approximation of the two coils, so that it equalled

one produced in two thousand metres of wire ; and a simplification

of manufacture. My instrument had also gained in solidity.

Graduation by the mutual influence of the coils (which, it will

be seen, is of French origin) has been adopted by M. Ruhmkorff,
who has constructed what is known as the carriage apparatus of

M. Du Bois-Reymond.

It was, doubtless, in order to please some admirers of everything

that is done at Berlin, that M. Ruhmlvorff has imitated the ap-

paratus of Siemens in his large medical instrument. (I shall

hereafter show the inconveniences of this system of graduation,

especially in Ruhmkorff's instrument.) The preference given by

most of the Paris manufacturers to my system of graduation by
metallic cylinders, proves that I had reason for my choice.
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The electro-dynamic instruments of moderate force, even when
they are graduated to a minimum, are still too powerful for certain

delicate applications, such as faradization of the chorda tympani.

I have desired the makers to add to these instruments a tube con-

taining water, which I have called a moderator (see F, fig. 52),

which is designed to reduce the most powerful apparatus to one
of extreme feebleness, which can then be graduated by means of

the metallic cylinders.

D.

—

Battery.—The inconveniences connected with the use of the

battery, in the electro dynamic instruments, are such, that they have

induced many to prefer the electro-magnetic instruments. Practi-

tioners recoil from the more or less tedious and disagreeable mani-

pulation that is requii-ed ; and the least neglect or awkwardness

may occasion more or less serious injury to the instruments. For
this reason, makers have endeavoured to remove or to diminish

these inconveniences ; and, on this part of the subject, I have to

record some progress.

(a). The numerous disadvantages of nitric acid, principally on

account of the disengagement of nitrous gas, which attacks the

metallic portions of the instruments, have caused the rejection of

Bunsen's battery by the majority of makers.

MM. Legendre and Morin have continued its employment for

their instrument, because it is much more powerful than other

batteries (such as Daniell's, or the bisulphate of mercury of

Marie-Davy), and, while giving a notable quantity of electricity, it

may be prepared several hours in advance, will remain several

hours in action, and, lastly, may be dismantled at leisure. These

makers have, indeed, removed the inconveniences due to the dis-

engagement of nitrous gas, by adopting to their battery (fig. 85)

a cover of gutta percha, B, which closes the whole system almost

hermetically. Notwithstanding this improvement, MM. Legendre

and Morin should abandon the Bunsen's battery, or they will see

their little instrument lose, especially in hospitals, the favour

which it has hitherto enjoyed, and which it, in other respects,

merits.

(J). The battery of Marie-Davy (carbon, zinc, and solution of

bisulphate of mercury) may advantageously replace that of Bun-

sen, as being free from the inconveniences which I have described.

It is for this reason that I have employed it for the flat battery of

my volta-faradic apparatus.

The majority of makers have followed this example, and they

have constructed the elements in a flat form, similar to that which

I have used during many years in my instruments; the carbon

elements being below, covered with powdered bisulphate of mercury,
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over which a little water is poured, and the zinc covering all. (It

will be remembered that, before the employment of bisulphate of

mercury, the elements were arranged in the same manner, and

that, instead of the solution of bisulphate of mercury, I employed,

originally, nitric acid, and subsequently diluted sulphuric acid,

with which to saturate my carbon.) But the mode of preparation

of their batteries does not appear to me to give results equally

advantageous with mine.

The powder of bisulphate of mercury, that I strew upon the

surface of my carbon plate, is sufficient in quantity to form, when
moistened, a stratum half a millimetre in thickness. The water

which I pour upon this paste, when I am about to use it, saturates

it completely ; and the thick cloth, which is placed between it and

the zinc itself, is well soaked with water. Thus charged, my battery

will continue in action for twelve hours, with rapid intermissions

;

and for several days, with the slow intermissions that I habitually

employ. In the intervals between the applications, the zinc only

is removed and wiped (so that its bright surface is always amalga-

mated) ; and, in order to avoid the evaporation of liquid by contact

with the air, a plate of hard caoutchouc replaces the zinc.

With this mode of preparation, a battery is for a long time

always ready for action before I am called upon to renew the

bisulphate of mercury ; it preserves its force until the entire

decomposition of the salt ; and there is only occasion to pour, from

time to time, a little water upon the cloth.

The bisulphate of mercury batteries, in the small instruments of

Gaiffe, Euhmkorff, and Trouve, contain only the small quantity

of bisulphate which they can hold in solution ; so that they cannot

be used for more than an hour at a time, without recharging the

battery. After using them only for a few minutes, it is necessary

each time to throw away the liquid, to clean the zinc, and to

renew the preparation for the next patient.

Lastly, 1 have observed that my battery polarizes less, which

I attribute to the application, immediately against the zinc,

of the wet cloth, which forbids a great number of the bubbles of

hydrogen gas produced by the action of the battery to adhere to

its surface. In other batteries there is nothing to prevent these

bubbles of hydrogen from sticking to the zinc, and shielding the

greater part of its surface from the chemical action of the battery.

I therefore advise makers who employ -flat and unclosed batteries

of bisulphate of mercury, to prepare them like mine.

The flash hatterij ofhisulj^hate of mercury, which M. Ruhmkorft

has added to his hospital induction apparatus (see fig. 79, page

297) is well conceived.
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It recalls, indeed, by its form, its disposition, and its meclianisin,

the flask battery of M. Grenet, from \\liicli it differs by the employ-

ment of a saturated solution of bisulphate of mercury, in place of

chromate of potash, and by being mounted in hard caoutchouc,

instead of in metal, which inevitably undergoes amalgamation by

the mercury, and becomes brittle.

This flask battery of M. Ruhmkorff will w'ork for a long time

without requiring to be recharged. When not in use, the zinc is

drawn up out of the solution of bisulphate of mercury, by means

of a metallic stem; and when it is required, it is pushed down

again into the liquid. This may be done gradually, in such a way

as to increase by degrees, and at pleasure, the intensity of the

current. The employment of this battery will be a source of great

economy in hospitals, because it occasions no damage to iustru-

ments, and because its management is so simple.

But the flask of this battery is itself seven or eight centimetres

in height, without reckoning six centimetres, or more, for the stem,

which, when it is not in use, serves to keep the zinc raised out of

the solution. In other words, its size fills a considerable space

in the apparatus, and its height prevents it from being enclosed in

the same box. This is the only fault which can be found with it

;

but its bulk is unquestionably a real inconvenience, and renders

the apparatus less portable.

Other manufacturers, endeavouring, like M. Euhmkorff, to

render the manipulations of the batteries more easy and less

frequent, have particularly applied themselves to diminish their

bulk, and to make them more portable. They have enclosed them

in a box of hard caoutchouc, by the aid of a screwed lid, to which

the solid parts of the battery are fixed. These small hermetically-

closed batteries were at first emj^loyed as sourc^es of amusement,

on account of their small bulk. Conjurors carried them in their

pockets, and, conveying them adroitly into their hands, set in action

from a distance, the electro-magnets which communicated with

them. Notwithstanding the trivial origin of these little batteries,

their application, as medical induction instruments, has neverthe-

less been highly useful.

It is, however, just to say that M. Trouve appears to have been

the first to construct a battery in a closed caoutchouc box, which he

called an hermetic battery, and which has already been described.

M. Gaiffe has given to his batteries the same external form as

those of M. Trouve. But their composition is essentially different,

since they consist of chloride of silver (see figs. 87 and 88). M.

Trouve's bisulphate of mercury hermetic battery will only work for

an hour and a half, after which it requires to be recharged. The
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cliloride of silver liermetic batteiy of M. Gaiffe would originally

furnish continuous action of constant intensity for about ten hours,

the circuit being completed by an induction coil ; but the manu-

facturer now informs me that his battery will work for twenty-

four hours, at least, in consequence of a modilieation that he has

made in it.^

Wlien this battery is exhausted, it is necessary to recharge it

with a new piece of chloride of silver (see description, fig. 87).

Tills is easy of execution.

One of the principal merits of these batteries in boxes is,

according to their makers, that they close herinetically, so that

there is no fear that any liquid will escape from them to injure

the instrument, or the clothing, when carried upon the person.

This is an error ; for the hydrogen—a greater or less development

of which is the inevitable result of the chemical action—never fails

to make its way by a little fissure, which generally exists around

the metallic wires, which pass through the lid. Even if the

mastic, which surrounds the metallic wires, resists the pressure of

the gas, so that it cannot escape, there will still be a risk of ex-

plosion if, under any circumstances, there should be a rapid pro-

duction of gas in any large quantity.

We are chiefly exposed to the same accident with the bisul-

phate of mercury battery, the chemical action of which producps

hydrogen by the decomposition of water. The chemical action of

the chloride of silver battery neither disengages hydrogen nor any

other gas.* But if its chloride of silver is exhausted, that is, if it

loses its proper action, and forms part of a circuit of a battery,

composed of a sufficient number of elements, it fulfils the office of

a voltameter, and then the current, in traversing it, decomposes

its water, and produces a great quantity of hydrogen. It is under

such circumstances that a chloride of silver element, inclosed in

an impermeable case, may explode.^

^ " The chloride of sodium," M. Gaiffe * There is no production of gas in the

writes to me, " being only employed to chloride of silver battery, because there is

render the liquid a conductor, and the only a displacement of chlorine, which
product of the battery being chloride of leaves the silver to combine with the

zinc, I have replaced the former by an zinc ; so that before the battery begins

equal quantity of the latter, in order to > working we have : AgCl, Zn, HO, NaCl,
have one salt only, and to avoid the I and, after its action : Ag, ZnHO, NaCl.
action which the two chlorides exert The chlorine only, therefore, has changed
upon each other ; an action which Avas

'

its j^lace ; the water and the salt have
injurious to the battery, since, charged

!
only acted by their presence,

in the new way, it will work regularly
J

^ This has happened to myself, when
for a much longer time. Another ad- holding in my hand one of these small

vantage of the chloride of zinc is that, by closed batteries of hard caoutchouc. The
its employment, we avoid the production case burst, and some of the contained

of gas, even when the charge of chloride liquid was thrown in the face of a jierson

is exhausted.'' standing opposite to me.
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This, then, being established, it is more simple and prudent to

make a capillary opening through the caoutchouc covering, by

which the gas may escape if the pressure becomes too great,

E.

—

Power and size of the electro-dynamic instruments.—In

certain cases, as 1 have said, the induction instruments should be

very powerful (see III., p. 239). We have here to consider their

physiological action, atid from this point of view to determine their

power. This, therefore, is not so simple a matter as was thought

by MM. Becquerel, M'hen they wrote :—" The extra current, and

the current of the first hind, do not ^possess an elective action over this

or that function, hut they have an action more or less energetic, by

reason of their tension." ... It was a mere matter of inex-

perience, at the time when M. Becquerel the younger maintained

this position in defence of a physical theory. It was no longer a

matter of inexperience alone, when it was maintained before the

Institute, eight years subsequently, by M. Becquerel the elder

;

because it would have been easy for him to have acquired a

personal knowledge of the subject, by submitting to my experi-

ments, as so many other physicists of equal position had done.

But, fortunately, he has been unable to arrest the progress of

science, and it is now perfectly established—1. That the extra

current, which has very little tension, or infinitely less than the

induced current, excites acutely, and more acutely than the latter,

the sensibility of the greater number of the organs situated

beneath the skin (the nerves, the muscles, the bladder, the uterus,

the testes). 2. That its therapeutic application, in full dose, is

indicated in the cases where these organs are deprived of sensi-

bility, in cases where it is necessary to act upon the nutrition

(which I liave observed that it seems most to stimulate, perhaps

by producing less contraction of the capillary vessels than the

induced current). 3. That, by reason of the weakness of its

power to penetrate to deeper tissues (in other words, the weakness

of its tension), the extra current is the only one that is adapted

for cases in which it is indicated strongly to excite the contractility

and sensibility of superficial muscles, without acting upon those

that are beneath them. 4. That, in order to obtain this special

physiological action of the extra current, its wire should have a

certain diameter and a sufficient length, so as to have an initial

force proportionate to that of the magnet and of the battery. 5,

and lastly. That this extra current becomes powerless, when we

wish to penetrate a great thickness of tissue, so as to excite deeply-

situated organs, such as muscles of the deeper layer in very fat or

cedematous persons, or when we wish to excite very acutely the

sensibility of the skin, as in profound anaesthesia. It is then
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necessary to have recourse to a strong induced current of powerful

tension.

These facts show the insufficiency of the very small induction

instruments of Gaiffe, Kuhmkorff, and Trouve,—instruments the

extra currents of which are almost powerless, and of which the

induced currents have not sufficient tension to reach the muscles,

or to pass through any depth of tissue. (It is especially with slow

intermissions that we can appreciate the weakness of these small

instruments.)

Instruments of very small size and of easy transport can

therefore only be utilised for therapeutical purposes in a very

small number of cases. I regard them as pretty toys, which may
be relegated to the domain of drawing-room physics. MM. Gaiffe,

Legendre and Morin, and Kuhmkorff, have fortunately constructed

instruments of medium force, almost equal to that of my own small

instrument in the form of a book (see figs. 58 and 60), and which

fulfil nearly all the requirements of practice.

Tiiat of M. Gaiffe preserves the shape of the small instrument

represented in fig. 86. Its size being only increased one-fourth,

it is still very portable, and its flattened shape allows it to be

carried under the arm like a book. It is not the same with the

instruments of M. Kuhmkorff, or of Legendre and Morin, which

are contained in boxes that must be carried by the hand. The
instrument of Kuhmkorif is twice the size of that of Legendre and

Morin. It might be easily reduced by about a third, if the maker
would substitute graduation by a metallic tube for graduation by
the mutual influence of the coils. The former has, over the latter,

advantages which have induced me to give the preference to it

(see p. 253 ). The modification which I propose would simplify

the construction of Ruhmkorff's apparatus, and would conse-

quently diminish its size and its price.

These instruments of medium power are far from attaining the

force of my large volta-faradic apparatus (see figs. 52 and 56),

which has rendered me such services in cases in which the former

would have been insufficient or powerless, and which, notwith-

standing its greater size and greater weight, is still portable. It

usually serves me for my own chamber apparatus, and it is worked
by a fraction of my sulphate of lead battery.

I would advise manufacturers to take it as their model, 1. as

regards its power, which could not be exceeded, I believe, without

danger to patients ; 2. as regards its graduation by internal and
external metallic tubes ; and, lastly, as regards its commutator of

the coils, and of the poles. They should not forget to attach to it

a water moderator (F, fig. 52), which converts, at pleasure, this
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powerful apiDaratns into one that is more or less weak, in such a

manner that, reduced to its miuimum, its graduating tubes will

measure its weakest doses as exactly as its most powerful ones.

\_Stohrei-'s inductio7i a^ypnratus.—Probably the greatest obstacle to tlie use
of induced electricity as a therapeutical agent in England, has been the want of
an eflBcient portable induction apparatus, in which the trouble commonly
connected with the regulation of the voltaic elements shall have been reduced
to the smallest point, which should be at all times immediately available for

use, and which should not prove too costly. This obstacle has been most
successftilly overcome by Emil Stbhrer, Ph.D., of Dresden. He has con-
structed an induction apparatus, that fully meets the requirements of daily
practice. The peculiarity of this apparatus consists in the arrangement of
the zinco-carbon cell, already described (p. 57, fig. 15). The simple mechan-
ism by which the elements can at once be immersed, or removed from the
exciting liquid, and the length of period over which, with ordinary care,

these elements retain their activity—without need for re-amalgamation of
the zinc, or removal of the acids (not less, indeed, than from six to eight
weeks) ; these are invaluable advantages in active practice. They render
the use of induced electricity, for all purposes of diagnosis or treatment to

which it may be applied, as facile as the test of a speculum, an ojihthalmo-
scoj^e, or a laryngoscope. The readiness with which this induction apparatus
can be placed in action, makes it highly desirable that one should be kept
at hand in all hosi3ital operation rooms, and, indeed, in all institutions where
chlorol'orm is used ; for it affords an instant and most valuable means of

exciting artificial respiration in asjihyxia, by faradization of the i^hrenic

nerves.

Stolirer constructs a smaller (fig. 91) and a larger (fig. 92) induction appar-

Fig. 91.—Siiihrer's smaller induction .ippanitiis.
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Fig. 92.—Stiihrer's larger induction apparatus.

atus. The battery of the former is constituted by a single cell ; of the latter

by two cells, which may, however, be arranged either as two pairs, or as a
single pair of elements. Both possess a primary and a secondary coil, the

currents of each of which can be made use of separately; and, in both,

the currents have a definite direction, positive electricity being set free at one
terminal, and negative at the other, of each of the coils. The terminal from
which the positive current proceeds may be ascertained easily by the decom-
position of iodide of potassium. The larger apparatus differs from the smaller,

in having a much greater range of power, more thorough means of graduating
the currents, and a more elaborate arrangement of the interrupting hammer.
With practice, however, the force and rate of interruption of the smaller

apparatus may be regulated with much nicety. To neither instrument is a
water-graduator attached ; but, if needed for any special nicety of application,

one can readily be added, and it would be best carried loose in the drawer for

accessories, to be attached only when required. Graduation of the strength

of the currents is effected by the degree of immersion of the voltaic elements
in the exciting acid, and by the arrangement of the coils. The primary coil

is fixed vipon a pedestal ; the secondary is movable, and is brought into or
placed out of action by being lifted over or thrust away from the primary coil.

The degree of action in the secondary coil is iiroportionate to the extent to

which it is brought under the influence of the primary coil. The action of the

primary coil is regulated in the smaller instrument by the degree of immersion
of the voltaic elements, and by the extent to which the coil is masked by the
secondary coil,—the latter coil acting upon it, when the primary coil is alone in

use, as a metallic sheath would do. In the larger apparatus, a special copj^er

sheath is provided for the graduation of the current of the primary coil. It

is to be regretted that a similar arrangement has not been adopted in the

smaller apparatus.
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Althoiigli, of all induction instruments for daily use, Stohrer's involves the

least difficulty and care, still, to the j)erfection of its use, as of all delicate

instruments, care is necessary. It is especially imi^ortant that the zinc

should be thoroughly amalgamated, and too great pains cannot be given to

secure this end. It is necessary also that all the points of connection should

be kept thoroughly clean, and all the accessories in good order. The zinc

should be amalgamated whenever, in use, effervescence of the acid is j)er-

ceived.

Duchenne's large volta-faradic apparatus is unquestionably the most per-

fect for medical purposes ; Stohrer's apparatus is the best adapted for the

ordinary exigencies of active practice.— //. 7'.]
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There is a common character about the writings of Dr. Tanner— a character which

constitutes one of tiieir chief values: they are all essentially and thoroughly practi-

cal. Dr. Tanner never, for one moment, allows this utilitarian end to escape his mental

view. He aims at teaching how to recognize and how to cure disease, and in this he is

thoroughly successful. ... It is, indeed, a wonderful mine of knowledge.

—

Medical Times.

Dr. Tanner has always shown in his writings that he possesses a peculiar faculty of

committing to print just that kind of information wliich the practitioner most needs in

everyday practice, and of rejecting useless theories or hypothetical statements.

—

Lancet.

The author has, in the manner in which he has dealt with the subject, given another

evidence of that happy facility which he possesses of giving the essential points of a

mass of information in a well connected and instructive form.

—

Brit. Med. Journ.

The student will find the work the best text-book on the practice of medicine, while

the practitioner will possess in it a thoroughly safe guide at the bedside. — Dub. Med.

Quarterly.
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hood, both normal and abnormal.— 3Ied. Times.

The book will be an invaluable work of frequent reference to the practitioner.

—

The
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To the busy practitioner it must be jn advantage to see at a glance on a quarter or

half a page the principal point in any disease about which he may wish to have his

memory refresheil or his mind stimulated. It will be found a most valuable companion
to the judicious practitioner. — The Lancet.
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From the Second London Edition. . . ^ . . 50 cts.
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On the Chrome Inflammation and Displacement of the Unimpregnated

Uterus. A New, Enlarged, and Thoroughly Revised Edition, with

Numerous Illustrations. Now Ready. One volume. Octavo. $3.00

From FoRDTCE Barker, M.D., Professor of Obstetrics and Diseases of Women and' Children

in Bellevue Hospital Medical College.

Some weeks ago I received a copy of your work on the Uterus. I have delayed

acknowledging tlie favor until I could give the book a careful perusal. I Lave just

finished a thorough reading of it. I feel personally indebted to you, not merely for the

copy — which, of course, I should have bought— but for writing the book; and \ think

you have laid the Profession in this country under a load of obligation by giving them

such a clear, concise, and practical treatise on a class of affections that even now is

very little understood by the greater majority.

From R. A. F. Penrose, M.D., Professor of Obstetrics in the University of Pennsylvania.

Accept my thanks for the copy of your new work which you so kindly sent me. I

have, as yet, not had time to give it the careful study it merits ; but from the super-

ficial inspection I have made, I find much that is most valuable.

From S. G. Hubbard, M.D., Professor of Obstetrics in Yale College, Neio Haven.

I was gratified by the receipt of your new work on the Uterus, and I thank you sin-

cerely for it. I have spent all my leism-e in its examination, and have derived both

pleasure and profit from its perusal. It is commendable for its clearness and definite-

ness as well as for the great practical common sense which pervades it. I am sure that

it will prove a very useful treatise, not only to junior practitioners, but to those also

among us who, from not having devoted themselves to the treatment of uterine disease,

. as a specialty, have neither time nor opportunity to make original investigations in this

department, and are not, therefore, perfectly at home in its practice. ^

From James P. White, Professor of Obstetrics and Diseases of Women and Children in the

University of Buffalo.

I have had time, as yet, to run over but few of the chapters of your work on the

Uterus; I am most happy, however, in being able to say that, so far as I have read, it

does credit to American authorship. It is concise and brief, and eminently practical.

The work was certainly a desideratum, and will be especially useful to practitioners

who can illy afford to purchase all or most of the works referred to in your preface. I

shall examine it with much interest, and, no doubt, often consult it with profit.

From G. S. Bedford, M.D., Professor of Obstetrics and Diseases of Women aud Children

in the University of New York.

On my return to the city I found on my table "Byford on the Uterus." The next day

I commenced perusing it, and have read it from cover to cover. I need not say that,

in my judgment, the book enhances your deserved reputation. You have, if my opin-

ion be worth anything, given the Profession an excellent work, and one that is sensible

and practical. Go on, my dear Doctor, and give us more of your experience. It is

what the Profession most needs — the experience of good and ripe minds.

RECENTLY PUBLISHED, THE SECOND EDITION OF

Byford's Practice of Medicine and Surgery.
Applied to the Diseases and Accidents Incident to Women. By W. H.

* Byford, A.M., M.D., Professor of Obstetrics and Diseases of Women
and Children in the Chicago Medical College, &c., &c. The Second

Edition, Revised and Enlarged, u'lth Additional Illustrations. One
volume. Octavo. ......... $5.00

The rapid sale of the first edition of this book, which was exhaust-ed in a little more

than a year, has enabled the author to carefully revise the whole work, add many im-

provements, and to make a large addition of nfew matter, without, however, materially

increasing the size of the volume.

This work treats well-nigh all the diseases incident to women, diseases and accidents

of the vulva and perineum, stone in the bladder, inflammation of the vagina, menstrua-

tion and its disorders, the uterus and its ailments, ovarian tumors, diseases of the mam-
mse, puerperal convulsions, phlegmasia alba dolens, puerperal fever, &c. Its scope ia

thus of the most extended character, yet the observations are concise, but convey much
practical information.— London Lancet.
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The Science and Practice of Medicine. Bij William Aitken, M.D. Second
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Meredith Clymer, M.D., late Profesmr of the Institutes and Practice of
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Fil'teen months have been spent by Dr. Aitken in thoroughly revising this Great Work,

and adding to it many valuable additions and improvements amounting to about 100

pages of new matter, included in which will be found the adoption and incorporation in

the text of the " nexo nomenclature of the Royal College of Physicians of London ;" to

which are added the Definitions and the Foreign equivalents for thnir English names.

The subjects of Malignant Cholera, of Paralysis, of Epidemic Cerebro-Spinal Menin-

fitis, and of Intestinal Obstruction have been entirely re-written ; and several other sub-

jects in connection with the treatment of disease, of the greatest importance, are con-

§idered for the first time in this edition.

The Press have referred to former editions of this work as " an admirable compila-

tion." " The most comprehensive of any in the practice of medicine." " It embodies

the most advanced knowledge of the time." " The most valuable class-book for students

yet published." " It may be looked upon as the standard text-book in the English lan-

guage." " The present work contains information that will not be found in any other

Manual of Medicine," <fec., &c.

The author in this edition has endeavored to keep up this high reputation, and ta

m^ake it in every respect a Representative Book of Medical Science and the Practice of the

day, as understood and followed by the best men of the Profession.

Large additions have also been made by the American Editor, Dr. Meridith Clymer,

equal to over 500 pages of the London edition, and with particular reference to the wants

ot the American Practitioner, included in which are new articles upon the following

subjects: Spinal Symptoms of Typhoid Fever, Typho-Malarial Fever, Ghronio

Gamp Dysentery, Cholera Morbus, Cholera Infantum, Hereditary Syphilis, Oon-

orrhceal Rheumatism, The Delirium of Inanition, Chronic Alcoholism, Syphilitic

Disease of the Liver, Epileptiform Neuralgia, Capillary Bronchitis, Plastic

Bronchitis, Dilatation of the Bronchia, Fibroid Degeneration of the Lung,

Chronic Pyaemia, &c. &c.
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Lectures on Clinical Medicine, delivered at the Eotel-dieu, Paris. By

A. Trousseau, Professor of Clinical Medicine in the Faculty of Medi-

cine, Paris, &c., &c.

Trousseau's Lectures on Clinical Medicine, so favorably received, as well by the

profession of the United States as abroad, are published in this country in connection

with the New Sydenham Society, under whose auspices the translation of Vols. II. and

III. have been made. Either of these volumes can be furnished separately, and in order

to still further extend the circulation of so valuable a work, the Publishers have now
reduced the price to Five Dollars per volume.

Contents of Volume I.— Translated and Edited by P. Victor Bazire, M. D., <5"c.
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Lecture 1. On Venesection in Cerebral Hsemorrhage and Apoplexy. 2. On Apoplec-
tiform Cerebral Congestion, and its Relations to Epilepsy and Eclampsia. 3. Oh
Epilepsy. 4. On Epileptiform Neuralgia. 5. On Glosso-laryngeal Paralysis. 6. Pro-
gressive Locomotor Ataxy. 7.^0n Aphasia. 8. Progressive Muscular Atrophy. 9.

Facial Paralysis, or Bell's Paralysis. 10. Cross-paralysis, or Alternate Hemiplegia.

11. Infantile Convulsions. 12. Eclampsia of Pregnant and Parturient AVomen. 13.

On Tetany. 14. On Chorea. 15. Senile Trembling and I'aralysis Agitans. 16. Ce-

rebral Fever. 17. On Neuralgia. 18. Cerebral Rheumatism. 19. Exophthalmic
Goitre, or Graves' Disease. 20. Angina Pectoris. 21. Asthma. 22. Hooping Cough.
23. On Hydrophobia.

Contents of Volume II.— Translated from the Edition q/" 1868 {being the last revised

and enlarged edition), by John Rose C'ormack, M. D., Edin., F.R.S.E , ^c. — Lkcture 1.

Small-pox. 2. Variolous Inoculation. 3. Cow-pox. 4. Chicken-pox. 5. Scarlatina.

6. INIeasles, and in particular its unfavorable Symptoms and Complications. 7. Rubeola.

8. Erythema Nodosum. 9. Erythema Papulatum. 10. Erysipelas, and in particular

Erysipelas of the Face. 11. Mumps. 12. Urticaria. 13. Zona, or Herpes Zoster.

14. Sudoral Exanthemata. 15. Dothinenteria, or Typhoid Fever. 16. Typhus. 17.

Membranous Sore Throat, and in particular Herpes of the Pharynx. 18. Gangrenous
Sore Throat. 19. Inflammatory Sore Throat. 20. Diphtheria. 21. Thrush.

Contents of Volume III.

—

Translatedfrom the Edition q/1868. by John Rose Cormack,

M.D., Edin., F.R.S E., ^c.—Lecture 22. Specific Element in Disease. 23. Contagion.

24. OziBna. 25. Stridulous Laryngitis, or False "Croup. 26 ffidema of the Larynx.
27. Aphonia: Cauterization of the Larynx. 28. Dilatation of the Bronchi and Bron-
chorrhcea. 29. Hemoptysis. 30. Pulmonary Phthisis. 31. Gangrene of the Lung.
32. Pleurisy: Paracentesis of the Chest. 33. Traumatic Efifusion of Blood into the

Pleura: Paracentesis of the Chest. 34. Hydatids of the Lung. 35. Pulmonary
Abscesses and Peripneumonic Vomicae. 36. Treatment of Pneumonia. 37. Paracen-
tesis of the Pericardium. 38. Organic Affections of the Heart. 52. Alcoholism. 62.

Spermatorrhoea. 63. Nocturnal Incontinence of Urine. 64. Glucosuria: Saccharine
Diabetes. 65. Polydipsia. 67. Vertigo a Stomacho Ldbso.

3 Volumes Octavo, handsomely bound in Cloth, Price $5 GO each.

OPINIONS OF THE PRESS.

"Trousseau furnishes us with an example of the best kind of Clinical teaching. It is

a book that deserves to be popularized. The translation is perfect."

—

Medical Times

and Gazette.

"Tlie great reputation of Prof. Trousseau as a practitioner and teacher of Medicine
in all its branches, renders the present appearance of his Clinical Lectures particularly

welcome."— Medical Press and Circular.

"The publication of Trousseau's Lectures will furnish us with one of the very best

practical treatises on disease as seen at the bedside."— British and Foreign Medico-

Chirurgical Review.

"A clever translation of Prof. Trousseau's admirable and exhaustive work, the best

book of reference upon the Practice of Medicine."

—

Indian 3Iedical Gazette.

'The Lectures of Trousseau, in attractiveness of manner and richness of thoroughly
practical matter, worthily takes a place beside the classical lectures of Watson and
Graves."— British Medical Journal.

" Trousseau is essentially the French Graves, and his lectures should sooner than
this have been translated into English."— Lancet.



Meigs and Pepper on Children.
rOUETH EDITION, ENLARGED AND IMPEOVED.

The publishers have selected the following notice, from a late number of

the London Lancet, of the New Edition of this work, as indicating, per-

haps, more fully than any other of the numerous favorable criticisms that

have appeared of it elsewhere, its great value to the Practitioner and
Student of Medicine.

"It is not necessary to say much, in the way of criticism, of a work so well known
as 'Meigs on Diseases of CliiMren,' especially when it his reached a fourth edition.

Our duty is wellnigh restricted to the point of ascertaining how far, under an old

color, it preserves the freshness and the vmIuc of a new book— how far it incorpo-
rates what is new with what is old without unseemly marks of mere joining. There
is some advantage in starting entirely afresh, iu being merely clinical, or in being very
short, and limiting one's self (o the expression of one's own views and experience.

But such is not the nature of this book, and the advantages of it are different. It is a

work of more tlian 900 good American pages, and is more encyclopredial than clinical.

But it is clinical, and withal most eiiectually brought up to the light, pathological and
therapeutical, of the present day.

" The book is like so many other good American iSedical books which we have lately

had occasion to notice; it marvellously combines a resume of all the best European
literature and practice with evidence throughout of good personal judgment, knowl-
edge, and experience. It is gratifying to see how our English authors are quoted, and
especially how the labors of Ilillier, who died so prematurely, are recognized. But
the book abounds in exposition of American experience and observation in all that

relates to the diseases of children. Not the least interesting additions to the volume
are several extensive tables, exhibiting the mortality in Philadelphia of some of the

most common and fatal diseases in connection with tlie variations of the temperature,
and prepared with great care from the records of the Board of Health.

"The tlioroughly fresh nature of the book is especially seen in the care with which
certain articles have been written. Such are those on Kickets and Tuberculosis, Infan-

tile Atrophic Paralysis, and Progressive Paralysis. No book now on diseases of chil-

dren is complete which does not treat specially of constitutional or diathetic diseases,

such as rickets and tuberculosis, syphilis, &c.

"Among other articles of great interest and value we would mention those on Dis-

eases of tlie Ciecum and Appendix Vermifoiniis, on Indigestion in Children, on Diar-

rhoea, on Entero-Colitis, on Intussusception, on Chronic Hydrocephalus, and on Croup
and the value of Tracheotomy.
"The difficulties of editing a new edition of a medical book of some standing are

not more felt in the region of pathology and the classification of disease than in that

of therapeutics. In this work this difficulty has been fairly faced by the authors.

They have to confess to having changed their practice very materially in the treatment

of acute diseases, to having given up mercury in most iufianimatory diseases, and almost
given up bloodletting. We recommend the views of these authors as to the injurious

eti'ects of calomel and antimony to careful consideration. They do not entirely abjure
the use of bloodletting in certain cases of pneumonia and meningitis. Indeed, we
think they will find reason in future editions to talk a little less freely than they do
about bleeding and cupping very young children in certain circumstances of pneumonia,
and in certain cases of simple- meningitis. With a few exceptions of this kind, the

therapeutics are sound and commendable, great importance being given to proper
feeding and the general manaiijement of infancy and childhood. It is due to authors
of so much fairness and experience to publish widely their opinion of the injurious

and depressing effects of antimony in the inflammations of children. To infants under
two years of age they think it best to give no antimony even in pneumonia. They do
"lot use tartar emetic at all in the cases of children, but small doses, such as the twelfth

of a grain, of the precipitated sulphuret of antimony, every two, three, or four hours,

watching its effects, and withdrawing it quickly if symptoms of prostration appear,
perhaps without any vomiting.

"We are glad to add this work to our library. There are few diseases of children
wliicli it does not treat of fully and wisely iu the light of the latest physiological,

pathological, and therapeutical science." — London Lancet, July 23, 1870.

Trice, handsomely bound in Cloth . ...... $6 00
«' " " Leather 7 00

LINDSAY & BLAKISTON, PUBLISHERS,
PHILADELPHIA.



Cazeaux's Great Work on Obstetrics.

THE MOST COMPLETE TEXT-BOOK NOW PUBLISHED.

GKEATLY ENLARQED AND IMPROVED.
CONTAINING 175 ILLUSTRATIONS.

A Theoretical and Practical Treatise on Midwifery, including ike Disease*

of Pregnancy and Pai'turiticn, hxj P. Cazeaux, Member of the Imjjeriat

Academy of 3Iedicine ; Adjunct Professor in the Faculty of 3Iedicine of

Paris, etc., etc. Revised and Annotated by S. Tarnier, Adjunct Pro-

fessor in th'e Faculty of Medicine of Paris ; Former Clinical Chief of the

Lying-in-Hospital, etc., etc. Fifth American from the Seventh French Edi-

tion. Translated by Wm. R. Bullock, M. D. In one volume Royal Oc-

tavo, of over 1100 pages, with numerous Lithographic and other Illustra-

tions on Wood.

Price, bound in Cloth, bevelled boards, . . . |6.50
" " Leather, . 7.50

M. Cazeaux's Great Work on Obstetrics has become classical in its character, and

almost an Encyclopaedia in its fulness. Written expressly for the use of students of

medicine, and those of midwifery especially, its teachings are plain and explicit, present-

ing a condensed summary of the leading principles established by the masters of the

obstetric art, and such clear, practical directions for the management of the pregnant,

parturient, and puerperal states, as have been sanctioned by the most authoritative

practitioners, and confirmed by the author's own experience. Collecting his materials

from the writings of the entire body of antecedent writers, carefully testing their correct-

ness and value by his own daily experience, and rejecting all such as were falsified by

the numerous cases brought under his own immediate observation, he has formed out of

them a body of doctrine, and a system of practical rules, which he illustrates and enforces

in the clearest and most simple manner possible.

OPINIONS OF THE PRESS.

"It is unquestionably a work of the highest excellence, rich in information, and perhaps fuller in details

than any text-book with which we are acquainted. The author has not merely treated of every ques-

tion which relates to the business of parturition, but he has done so with judgment and ability."

British and Foreign Medico-Chiritrgical Jieview.

" The translation of Dr. Bullock is remarkably well done. We can recommend this work to those

especially interested in the subjects treated, and can especially recommend the American edition."

Medical Times and Gazette,

" The edition before us is one of unquestionable excellence. Every portion of it has undergone a

thorough revision, and no little modification ; while copious and important additions have been made to

nearly "every part of it. It is well and beautifully illustrated by numerous wood and lithographic

engravings, and, in typographical execution, will bear a favorable comparison with other works of the

same class."

—

American Medical Journal.

"In the multitudinous collection of works devoted to the propagation of human beings, and to the

details of parturition, none, in our estimation, bears any comparison to the work of Cazeaux, in its

entire perfectness ; and if we were called upon to rely alone on one work on accouchments, our choice

would fall upon the book before us without any kind of hesitation."— West. Jour, of Med. and Surgery.

"We do not hesitate to say, that it is now the most complete and best treatise on the subject in the

English language."

—

Buffalo Medical Journal.

"We know of no work on this all-important branch of our profession that we can recommend to the

Itudent or practitioner as a safe guide before this."

—

Chicago Medical Journal.

" Among the many valuable treatises on the science and art of obstetrics, the work of Cazeaux stands

pre-eminent."

—

St. Louis Med. and Surg. Journal.

" M. Cazoaux's book is the most complete we have ever seen upon the subject. It is well translated,

and reflects great credit upon D-. Bullock's intelligence and industry."— N. A. Medico- Chirurg. Bevieu



LINDSAY & BLAKISTON'S
MEDICAL PUBLICATIONS.

"The Rejiresentative Book of Medical Science.''^—London Lancet.

Aitkeivs Science and Practice of Medicine.
SECOND AMEEIOAE from tlie PIPTH LONDON EDITION.

In 2 Volumes, containing 2000 Royal Octavo Tages, a COLORED MAP, a LITHOGRA-
PHIC PLATE, and ONE HUNDRED AND THIRTY ILLUSTRATIONS ON WOOD.

Price, bound in Cloth, bevelled boards .... $12.00

"
. " Leather . 14 00

Dr. Aitken's work is now the most compi-ehensive Text-Book on the Practice of

Medicine in the English Language; the present edition has been enlarged and care-

fully revised by the author, as well as by the American editor, Meriditu Clymer, M.D.,

the latter having made additions of original matter equal to nearly 500 pages of the

Euf.lish Edition, with special reference to the wants of the American Practitioner.

r

Acton on the Functions and Disorders of the

Reproductive Organs.

Second American from the Fourth London Edition. Carefully revised by

the author, with additions. Just Ready, octavo, . . . $3.00

"Wo think Sir. Acton has done good service to society by grappling manfully with sexual vice, and w«
trust that others, whose position as men of scieiice and teachers enalile them to speuk with nnthority, will

assist in comliating and arresting the evils which it entails. We are of the opinion that the spirit which
pervadea it is one that does credit equally to the head and to the heart of the author."— The British and
Fortign Medico-Chirurgical Seview.

Anstie on Stimulants and Narcotics.

Their Mutual Relations, ivith Special Researches on the Action of Alcohol,

Ether, and Chloroform on the Vital Organism. By Francis E. Anstie,

]\LD., Assistant Physician to Westminster Hospital, Lecturer on Materia

Medica and Therapeutics, etc., etc. Octavo, .... $3.00

Althans' Medical Electricity, a New and very Much
Enlarged Edition.

A Theoretical and Practical Treatise, and its Use in the Treatment of
Paralysis, Neuralgia, and other Diseases. By Julius Althaus,
M. D., Member of the Royal College of Physicians^ &c. Second
Edition, revised, enlarged, and for the most pa7-t rewritten. In One
Volume Octavo, with a Lithographic Plate and nixty-tiuo Illustraiions

on Wood Price, §5.00



WORKS BY DR. LIONEL S. BEALE, F.R.S.,
Fellow of the Royal College of Physicians, Physician to King's College Hospital.

Seventh Thousand. Four Hundred Illustrations, some Colored.

HOW TO WORK WITH THE MICROSCOPE.
This work is a complete manual of microscopical manipulation, and contain? a ful

description of many new processes of investigation, with directions for examining

objects under the highest powers, and for taking photographs of microscopic objects.

Octavo. Cloth. Price, $7.50.

ON KIDNEY DISEASES, URINARY DEPOSITS, AND CALCULOUS
DISORDERS : — The Third Edition.

Including the S^'mjitoms, Diagnosis, and Treatment of Urinary Diseases. With full

Directions for the Chemical and Microscopical Analysis of the Urine in Health and
Disease. 70 Plates, 415 figures, copied from Nature. Octavo. Price, $10.00.

THE USE OF THE MICROSCOPE IN PRACTICAL MEDICINE.
For Students and Practitioners, with full directions for examining the various secre-

tions. &c.. in the Microscope, -ith Edition. 500 Illustrations. Octavo. Price, $7.00.

MEDICAL PROGRESS. IN MEMORIAM ROBERT BENTLEY TODD.
Price, 50 cts.

LIFE, MATTER, AND MIND ; OR PROTOPLASM.
With Original Observations on Minute Structure, and ntimerous New Colored

Drawings. Second Edition, venj much cnlarijcd. Eight Plates. Price, $3.00.

DISEASE GERMS: THEIR SUPPOSED NATURE. With Colored Plates.

An Original Investigation with the Aid of the Highest Powers yet made.

This work contains a critical examination of Dr. Tyndall's statements con-

cerning ' Dust and Disease.' 12mo. Cloth. Price, $1.75.

DISEASE GERMS : THEIR REAL NATURE. Twenty-four Plates.

An Original Investigation. Twenty-four Plates, sixteen of which are Colored.

Including the minute pathology of contagious diseases. Price, $4.00.

Nearly ready. Four Colored Plates.

PHYSICAL THEORIES OF LIFE: THEIR INFLUENCE UPON RE-
LIGIOUS THOUGHT.

With Observations on the Hypotheses recently advocated by Tyndall and Huxley.

ON DISEASES OF THE LIVER, AND THEIR TREATMENT.
A Second Edition, much enlarged, of the Author's Work on the Anatomy of the

Liver. Numerous Plates. Preparing.

THE ARCHIVES OF MEDICINE. Part XVII. 7iow ready. Price, $1.50.

CoxTENTS.—Medicine umler the llomans—Action of Eyelids in Expiration; F.

C. Donders, Utrecht—Lacunoe and Canaliculi—Nerves in Mesenteric Glands ; Dr.

Popper, St. Petersburg—German Criticism and British Medical Science—Homology

of Coracoacromial Ligament; J. B. Perrin—Sulpho-carbolates, "ty Dr. Sansom

—

Structure of the Liver; Editor—Sputum in Phthisis.

DISEASE : ITS NATURE AND TREATMENT. Preparing.

New Researches on Inflammation and Fever, and on the Nature of Contagion.

With Observations on the Cattle Plague and on Cholera. Numerous Colored

Plates. Being the Third Course of Lectures delivered at Oxford by direction of the

Piadcliffe Trustees.

All these Worhs contain the results of the Author's original investigations. They are Illustrated

with upwards of 2000 Engravings, copied from the actual objects, all of which have been dravni

on wood by the Author himself, or under his immediate suiierintendence.

LIIJDSAY & BLAKISTOIT, Publishers, Pliiladelphia.



LINDSAY AND BLAKISTON'S PUBLICATIONS.

Beasley's Cook of Prescriptions.

A NEW, REVISED, AND ENLARGED EDITION.

Containing 3000 Prescriptioiis, collected from the Practice of the inoA

Eminent Physicians and Surgeons— English, French, and American;
comprising also a Compendioiis History of the Hateria Medica, Lists of
the Doses of all Officinal and Established Preparations, and an Index of
Diseases and their Remedies. By Henry Beasley. Second American
from the last London Edition. Octavo. .... $4,00

" The editor, carcfuHy selecting from the mass of materials at his disposal, has compiled a volume, in which
both physician and diuggiat, prescribor and compounder, may find, under the head of each remedy, the man-
ner in which that remedy may be most effectively administered, or combined with other medicines in the
treatment of various diseases. The aljihabeticul arrangement adopted renders tliis easy; and the value of the
volume is still further enhanced by the short account given of each medicine, and the lists of doses of its

several preparations. It is really a most useful and important publication, and, from the great aid which ii

Ss capable of aflording in p'-eseribing, should be in the possession of every medical practitioner. Amongst
other advaiitiiges is, that, by giving the prescriptions of some of the most able and successful practitioners of

the day, it affords an insight into the methods of treatment pursued by them, and of the remedies which they
chiefly employed in the treatment of dilTerent diseases."— Lancet.

Beasley's Druggists' General Receipt Book.
SIXTH AMERICAN EDITION, REVISED AND IMPROVED.

Comprising a copious Veterinary Formulary, numerous Receipts of Patent

and Proprietary Medicines, Druggists' Nostrums, etc.; Perfumery and

Cosmetics, Beverages, Dietetic Articles and Condiments, Trade Chemicals,

Scientific Processes, and an Appendix of Useful Tables, by Henry
Beasley, Author of the Book of Prescriptions, etc., etc. Sixth American

from the Last London Edition. Octavo $3.50

"This is one of the class of books that is imUspensablo to every Druggist and Pharmaceutist as a book of

reference for such information as is wanted, not contained in works U3<!d in the regular line of his business,

and we can recommend it as one of the best of the kind."— Anurican Druggists' Circular.

Bartli & Roger's Manual of Auscultation and
Percussion.

A new American Translation from the Sixth French Edition. 16mo. $1.25.

" This is one of the most useful and practical manuals of its sort that has ever yet appeared, and we can-

not too strongly recommend it to every student of medicine. It is sufDciently comprehensive withotit being

lengthy, and the principles, which are eminently sound, can easily be mastered and understood."

—

Medical

Jiecord.

Boucliardat's Annual Abstract

Of Therapeutics, Materia Medica, Pharmacy, and Toxicology,

FOR 18GT, with an Original Memoir of Gout, Oravel, UiHnary Cal-

culi, &c. By A. BoucHARDAT, Professor of Hygiene to the Faculty

of Medicine, Paris, &c. Translated and Edited by M. J. Be Rosset,

M. D., Adjunct to the Professor of Chemistry in the University of
Maryland. In one Volume. Price, iu cloth, . . |1.50.



LINDSAY AND BLAKISTON'S PUBLICATIONS.

Andrews' Hand-Book of the Practice of

iledicine. in Preparation.

Bull on the Maternal Management of Chil-

dren in Health and Disease.

A New and Improved Edition. By Thomas Bull, M.D., Member of the

Royal College of Physicians. 12mo $1.25

Reports on the Progress of Medicine, Surgery,

and the Allied Sciences, containing:

1. Report on Physiology, by Henry Power, F.R.C.S., M.B., Lond.

2. Report on Practical Medicine, by Francis Edmund Anstie, M.D., etc.

.3. Report on Surgery, by T. Holmes, Esq., M.A., F.R.C.S., etc.

4. Rkport on Ophthalmic Medicine and Surgery, by Thomas Windsor, M.D.
5. Report on Midwifery and the Diseases of Women and Children, by R. Barnes,

M.D., F.R.C.P.

6. Report on Medical Jurisprudence, by C. Hilton Fagge, M.D., F.R.C.P.

7. Report on Materia Medica and General Therapeutics, by C. Hilton Fagge, M.D.,

F.R.C.P.

g. Report on Public Health, by C. Hilton Fagge, M.D., etc.

In One Yolume, handsomely bound in cloth, Price, . . $2 00

"This voUinie, published under the auspices of the New Sydenham Society, now makes its welcome appear-

ftBce, at a low price, in the United States. It is the most carefully prepared retrospect with which we are

•cquainted. Each department is in charge of a gentleman of reputation, and everything is done to sum.

«arize, in a very readable way, all the more important advances of medicine over the globe. It is hand-

tomely bound and elegantly printed."

—

N. Y. Medical Record.

Birch on Constipation. From the Third London Edition.

CONSTIPATED BOWELS; the various Causes and the Different

Means of Cure. By S. B. Birch, M. D., Member of the Royal College

ofPhysicians of London, &c. The Third Edition. One volume, 16mo.

Price, $1.00

Braithwaitc's Epitome of the Retrospect of

Practical Medicine and Surgery.
Two large Octavo Volumes of 900 pages each, . . . $10.00

Braithwaitc's Retrospect of Practical Medi-

cine and Surgery.

"The cream of medical literature."

Pifblished half-yearly, in January and July, at $2.50 per annum, ifpaid in

advance; or $1.50 for single parts.



LINDSAY AND BLAKISTON'S PUBLICATIONS.

British and Foreign Medico-Chimrgical Re-

view, and Quarterly Journal of Practical

Medicine and Surgery.

Published in London on the \st of January, April, July, and October, u.t

6 shillings per number, or 24 shillings per annum, and furnished in this

country at $10.00 per annum; being much less than the present cost of

importation of English books. Containing Analytical and Critical Re-

views, a Bibliographical Record, Original Communications, and a Chron-

icle of Medical Science, chiefly Foreign and Contanporary.

This is considered the leading Medical Review in the English language. It is every-

where looked upon as high authority. It presents in its pages a large amount of valu-

able and interesting matter, and will post the physician who reads it, fully up to the

present day in medical literature.

Chambers's Lectures on the Renewal of Life.

A New American from the Fourth London Edition.

Lectures chiefly clinical, illustrative ofa Bestorative System of Medicine.

By Thos. K. Chambers, M. D., Physician to St. Mary's Hospital.

Author of " The Indiyeslions," &c., &c. Octavo, . . $5.00

"The mediciil profession in this country are under obligations to the American publishers

for this reprint of Dr. Chambers' Lectures— a wurk whose time is forever, everywhere in its

place, admirable in tone, i'ujl of valuable instructions and practical teachings, and written in

clear, compact, and often epigrammatic English. We can otl'ur but a brief notice of this intrin-

sically good book, which is certain of tindiug a wide circle of readers, and we should hope a
place in every medical library."

—

Netc York Medical Journal.

"This work is of the highest merit, written in a clear, masterly style, and devoid of technicalities. It ia

(imply what it professes to be. Lectures Cliuical, delivered from cases observed at the bedside; therefore

more valuable as enunciating the views and experiences of a [iractical mind aided by actual observation.

They are of ilecp interest, and replete witli facts having a practical bearing, and will well repay perusal

We can recommend Dr. Chambers' book freely and with confiJeuce, as the work of a great mind practical ia

its bearing, and simple to the understanding of all."— Canada Medical Journal.

Chew on Medical Education.

A Course of Lectures on the Proper Method of Studying Medicine. By
Samuel Chew, M.D., Professor of the Practice and Principles of

Medicine and of Clinical Medicine in the University of Maryland.

12mo $1.00

"The topics discussed in this volume are of hooks— of time to be devoted to study — and the maaner— of

the order of medical studies— of the taking of notes— of clinical instruction— dissections— auscultation—
medical schools, &c

"Dr. Chew was an eminent member of the medical profession, and a well-Known teacher of medicine. H«
was, thereiore, well fitted for the judicious performance of this task, upon which he seems to have entered

«rtth interest and ple^tsure. It is a well-timed book, and will serve as a most excellent manual for theetudfiJ^

•a well ai a refreshing and suggestive one to the practitioner."— Lancet and Observe},

•i



LINDSAY AND BLAKISTON^S PUBLICATIONS.

Cazeaux's Great Work on Obstetrics.
The Fifth American Edition. 175 Illustrations.

A Theoretical and Practical Treatise on Midwifery. Including the Dis-

eases of Pregnancy and Parturition, and the attention required by the

Child from its Birth to the Period of Weaning. By I*. Cazeaux,
Member of the Imjoerial Academy of Medicine, Adjunct Professor in

the Faculty of Medicine of Paris, &c., &c. Revised and annotated

by S. Tarnier, Adjunct Professor to the Faculty of Medicine, Paris,

&c., &c. Translated by W. R. Bullock, M. D. With new Litho-

graphic and other Illustrations on Wood. Oue volume Iloyal Octavo,

of over 1100 pages.

Price, bound in Cloth, Bevelled Boards, •

. . . . $6. 50
"

. Leather, 1.50

"Written expressly for the use of students of medicine, and those of midwifery especially, its teachings ar«

plain and explicit, presenting ii condensed summary of the leading principles established by the maeteryof

ij e obstetric art, and such clear, pnicticitl directions for the maniigtment of the pregnant, paiturient, and

pnoi neral states, as have been sanctioned by the most authoritative practitioners, and confirmed by the

author 8 own experience. Collecting his materials from the writings of the entire body of antecedent writers,

tarefully testing their correctness and value by his own daily experience, and rejecting all such as were falsi-

fied by the numerous cases brought under his own immediate observation, he has formed out of them a body

of doctrine, and a system of practical rules, which he illustrates and enforces in the clearest and most simple

maimer possible."— Examiner.

Canniff's Manual of the Principles of Surgery.

Based on Pathology, for Students, by "VVm. Canniff, Licentiate of the

Medical Board of Upper Canada; M.D. of the JJniversity of New
York; M.H.C.S. of England; formerly House Surgeon to the Seamen's

Hospital, New York; late Professor of General Pathology and the

Principles and Practice of Surgery, University Victoria College. C. W.

Octavo $4.50

'•This manual is evidently the production of a man who is well informed on his subject, and who moreovei

ha« had experience as a teacher and as a practiliuui-r. Ue has profited by the study of the best authors on

the principles of surgery, tested iiractically their doctrines, and has presented his own views, well arrangtd

and clearly expressed, for the advantage of others."— American Journal nf Med. Science.

Cleaveland's Pronouncing Medical Lexicon.

A NEW AND IMPROVED EDITION (THE ELEVENTH).

Containing the Correct Pronunciation and Definition of most of the Terms

used by Speakers and Writers of Medicine and the Collateral Sciences.

By C. II. Cleaveland, IM.D., Member of the American Medical Associa^

tiou, etc., etc. A small Pocket Volume $1.25

This little work is both brief and comprehensive; it is not only a Lexicon of all the

words in common use in Jledicine, but it is also a Pronouncing Dictionary, a feature

of great value to IMedical Students. To the Dispenser it will prove an excellent aid,

find also to the Pharmaceutical Student. This edition contains a List of the Abbrevia-

tions used in Prescriptions, together with their meaning; and also of Poisons and their

Antidotes: two valuable additions. It has received strong commendation both from th»

Medical Pre^s and from the profession.



LINDSAY AND BLAKISTOn's PUBLICATIONS.

Cohen on Inhalation.
Its Therapeutics and Fracllce. A Treatise on the Inhalation of Gases,

Vapors, Nebulized Fluids, and Powders; including a Description of
the Apparatus employed, and a Record of Numerous Experiments
Physiological and FalKological ; with Cases and Illustrations. By I.

SoLis Cohen, M.D. 12mo. Price, $2 50

"AVe recognize in this book the work of a persevering Physician who has faithfully

studied his subject, and added to its literature much that is useful from his own expe-

rience. It treats respectively of the inhalations of nebulized fluids; of medicated airs,

gases, and rapors, and of powders. Dr. Cohen has given us brietiy and clearly what-

ever is valuable in relation to the insufflation of powders in respiratory afl'ections, with

the experimental proofs and pathological evidence of their penetration into the bron-

chial tubes and lung lissutis."— Ame7-ica?i Journal of iledical Science, July, 18G8.

Prof. Carson's University of Pennsylvania.
A History of the Iledical Department of the University of Pemisylvania,

from its Foundation in 1765: With sketches of the Lives of Deceased

Professors. By Joseph Carson, M.D., Professor of Materia lledica

and Pharmacy in the University of Pennsylvania ; llember of the

American PhilosojMcal Society, etc. In one volume octavo. Cloth.

Price $2 00

"The history of the University of Pennsylvania has a national as well as a locai

interest, from the early date of its origination, and the connection with it of men of

illustrious public reputation, such as Drs. Franklin, Hush, Physick, Gibson, Dewees,
Chapman, Wood, &c., &c.

'•For fidelity and carefulness of statement and maintenance of the dignity of th6

Institution, as well as for skill in literary execution, the task of extending and con^

tinuing this record could have been confided to no better hands than those of Professor

Carson.

"For the labor and love which he has spent in preparing this most interesting and
valuable work, Prof. Carson has earned the gratitude of the alumni of the University,

and of all others interested in medical education in this country."— American Joui-nal

of Medical Science.

DiATkn nn flia Ti^TT-o 1 -^ ^e^ Edition, thorougHy Eevised, and aIXOn on ine l^ye.
\ great portion Re-written!

A Guide to the Practical Study of Diseases of the Eye, with an OuUine

of their Medical and Operative Treatment, with Test Tyj^es and Illus-

trations. By James Dixon, F.RC.S., Surgeon to the Royal London
Ophthalmic Hospital, &c., &c. In one volume. Price, . $2 50

" Mr. Dixon's book is essentially a practical one, written by an observant author,

who brings to his special subject a sound knowledge of general Medicine and Surgery."

• - Dublin Quarterly.

" Our object is not to review, but to recommend this work to students, with the confi-

dent assurance that they will rarely be disappointed in their appeals to it as a reliab'^e

guide to the practical study of the Diseases of the Eye."

—

American Medical Journal.

" AVe have taken great pleasure in a careful perusal of this book, which, both in styre

and matter, is unsurpassed in any language. It embraces quite a wide range of topics,

and furnishes a very valuable practical guide in the medical and surgical treatment

of diseases of the eye."

—

Buffalo Medical Journal.
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Diirkee on Gonorrhoea and Syphilis.

The Fifth Edition, Revised and Enlarged, with Portraits and Colored
Illustrations.

A Treathe on Gonorrhoea and Syphilis. By Silas Duekee, M.D., Fel-

loxo of the Massachusetts Medical Society, &c., &c. A New and Revised
Edition, with Eight Colored Illustrations. Octavo. . . $5.00

This work of Dr. Ddkkee's has received the unqualified approval
of the Medical Press and the Profession both in this country and in

Europe. The author has devoted himself especially to the treatment of
this class of diseases, and his 25 or 30 years experience in doing so is

here recorded. No one reading his work can fail in receiving very
valuable information from it.

" It is the work of a practical man, the subject is treated in a jilain, shrewd manner. The
book is a good one, and the therajieutics are laid down with discrimination."— London Medical
Times and, Gazette.

" Dr. Durkee'g production is one of those, the perusal of which impresses the reader in favor of the anthor.
The general tone, Die thorough honesty everywhere evinced, (he philanthropic epirit observatile in many pas-

Bages, and the eniTgPtic advocacy of professional ructitude, speak highly of the moral excellence of the
writer; nor is the reader less attracted by the skill with which the book is arranged, the manner in which
th» facts are cited, the clever way in which the author's experience i« brought in, and the lucidity of the
reaxoning. tlie frequi-nt and extreuuly fair allusions to the labors of others, and the care with which the the-

rapeutics of venereal complaints are treated."— Lancet.

Fuller on Rheumatism, Rheumatic Gout, and
Sciatica, a new edition preparing.

Their Pathology, Sym2)toms, and Treatment. By Henry Wileiam
Fuller, M.D., Fellow of the Royal College of Physicians, London;

Physician to St. George's Hospital, etc. From the last London Edition.

Octavo.

Graves' Clinical Lectures on the Practice of

Medicine. % Robert James Graves, M.D., F.R.S., Professor

of the Listitutes of Medicine in the School of Physic in Ireland. Edited

by J. Moore Meligan, M.D. From the Second Revised and Enlarged

Edition. Complete in Que Yolunie. Octavo. Price, . . $G.OO

Goff's Combined Day-Book, Ledger, and DaHy

Register of Patients, combining not only the Accuracy and Essential

Points of a regular Day-Rook and Ledger System, without any of the

labor and responsibility, but is also a Daily Register of Patients, &c., dc.

A large Quarto Volume, strongly bound in half-russia. Price, 612.00

riie advantages of this book are— The account of a whole family for an enlire year can

be kept in a very small space. (See Mitchell's account.) No transfer of accounts

from one book to another, or from one part of the book to another. No protracted

search for an account when wanted. Shows the exact state of an account at aiij

moment.
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Gross' American Medical Biography of the

Nineteenth Century.

Edited by Samuel D. Gross, M.D., Professor of Surgery in the Jefferson

Medical College, Philadelphia, &c., &g. With a Portrait of Benjamin
Rush, M.D. Octavo $3.50

Greenhow on Bronchitis, esjoedaiiy as connected with

Gold, Emphysema, and Diseases of the Heart. By E. Headlam Green
HOW, M.D., Fellow of the Royal College of Physicians, (&c., &c.

Price, $2.00
"Id \ivid pictures of the sort of cases which a practitioner encounters in his dailywalks, and in examples

cf the way in which a student ought to turn them over in his mind and make them tools for self-improve.

Bent, we have rarely seen a volume richer." — Brit, and For. iUdico-Cldrurg. Review.

Garratt's (Alfred C.) Guide for Using Medical
Batteries.

Showing the most approved Apparatus, Methods, and Bides for the Medical

Employment of Electricity in the Treatment of Nervous Diseases, &c., &c.

With numerous Illustrations. One Volume, octavo. . . $2.00

" The large work on the same subject, and by the same autlior, is pretty well known to the Profession, but

It is bulky and cumbrous, and by no means so practically useful. The present comparatively brief volume

contains every thing of importance in regard to the various apparatuses useful to the Medical Electrician,

and the various modes of application foi therapeutic purposes."— Lancet and Observer.

Hewitt on the Diseases of Women.
SECOND EDITION, REWRITTEN AND ENLARGED.

The Diagnosis and Treatment of Diseases of Women, including the

Diarjnosis of Pregnancy. Founded on a Course of Lectures delivered'

at St. Mary''s Hospital Medical School. By Graily Hewitt, M. D.
Loud., M. R. C. P., Physician to the British Lying-in Hospital; Lec-
turer on Midwifery and Diseases of Wome^i and Children at St. 3Jary^s

Hospital Medical School; Honorary Secretary to the Obstetrical So-

ciety of London, &c. With a new Series of Illustrations.

Price, iu cloth, $5.00; in leather, $6.00.

Hillier's Clinical Treatise on the Diseases of

V^nUdren. By Thomas Hillier, M.D., Physician to the Hospital

for Sick Children, and to University College Hospital, &c., &c. Octavo.

Price, $3.00
"Our space is exhausted, but we have s.aid enough to indicate and illustrate the excellence of Dr. Hilliers

volume. It is eminently the kind of book needed by all medical men who wish to cultivate clini ta) 8c<-wu:j.
anJ sound practice."— Lmidim Lancet.
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Headland on Llic Aclion of ]\[cdicines in the

System.

Bj F. "W. Headland, ^I.D., Fellow 0/ the Royal College of Physicians_

&c., &c. Sixth American from the Fourth London Fdition. lieviscd.

and enlarged. One Volume, octavo. ..... $3.00

Dr. Headland's work has been out of print in this country nearly two years, awi^H-

ing the revisions of the a':thor, which now appear in this edition. It gives the onlj

scientific and satisfactory view of tlie action of medicine; and this not in the way of

idle speculation, but by demons'tration and experiments, and inferences almost as in-

disputable as demonstrations. It is truly a great scientific work in a small compass,

and deserves to be the handbook of every lover of the Profession. It has received the

most unqualified approbation of the Medical Press, both in this country and in Europe,

and is pronounced by them to be the most original and practically useful work that has

beeil published for many years.

Hille's Pocket Anatomist.

Being a Complete Description of the Anatomy of the Human Body; for the

Use of Students. By ^I. W. Hilles, formerly Lecturer on Anatomy and
physiology at the Westminster Hospital School of Medicine.

Price, in clotli, Sl.OO

" in Pocket-book form, 1.25

Heath on thelnjnries and Diseases ofthe Jaws.
The Jacksonian Prize Es^aij of the Royal College of Surgeons of Eng-

land, 1S6T. By Chrtstopher Heath, F.R. C. S., AssUtant Surgeon to

University College Hospital, and Teacher of Operative Surgery in Uni-

versity College. Containing over 150 Illustrations. Octavo. Price, $0.00

Hodi^e on Foeticide, or Criminal Abortion
By Hugh L. Hodge, M. D., Emeritus Professor in the University of
Pennsylvania. A Small Pocket Volume. Price in paper covers, 30

flexible cloth, 50
This little booli is intended to place in the hands of professional men and others the means of answering

latisfaftorily and intelligently any inquiries that may be made of them in connection with this impurtaint

lulijcct.

Holmes' Surgical Diseases of Infancy and

Chudhood. By J. Holmes, M.A., Surgeon to the Hospital fa--

Si:k Children, &c. Second Edition. Revised and Enlarged. Octavo.

Price, $9.00

Hnfeland's Art of Prolonging Life. Edited bv

Erasmus Wilson, M.D., F R.S. Author of "A System of Human
Anatoviy,"' " Diseases of the Skin,'''' &c., &c. 12mo. Cloth. $1.25
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Mackenzie on the Laryngoscope, Diseases

of the Throat; &c. Second Edition.

The Use of the Laryngoscope in Diseases of Uie ThroaL With additions,

and an Essay on Hoarseness, Loss of Voice, and Stridulous Breathing

in relation to Nervo- Muscular affections of the Larynx, by Moreli
Mackenzie, M.D., Physician to the Hospitalfor Diseases of the Throai,

&c., &c. Second Edition, with additions, and a Chapter on the Nasal

Passages, by J. SoLis Cohen, M.D.,^«^/io7' of " Inhalation, Its Thera^

peutics and Practice,''^ &c. Illustrated by two lithograijhic plates, and

51 engravings on wood. Octavo. Price, . . . . $3.00

" Willie laryngoscopy was in its iiifancy, nnd liefore it had begun to encage to any extent the atteutioji of

the Prolessioii, it w:is studied with tlie gieatest care and eutliusiiism by tlie authcir of this treatise. A per-

sonal friend of Czermals's, who has done more than any other continental pliysiiian to introduce tlie laryngo-
scope into practice, he has profited tiy tlie opportunities which he thus possessed of becoming aciuainted with
(lie anatomy and morbid anatomy of tlie larynx. Bnt lie hiis dune much more than this. As will be seen by
a perusal of this treatise, he ha.< modified the instruments at pav^ent in use for the examination of tha
larynx, and has invented others for therapeutical purp'i->e8. Those who are anxious to study the diseases of
tlie larynx and the modeof using the laryngoscope, canno' Jo better than purcha.se the treatise before us, as it

ts by far the best which has been published, and is thorc ^hly to be relied upon."

—

Glasgow Medical Journal.

Morris on the Pathology and Therapeutics

of Scarlet Fever,

By Casper Morris, M.D., Fellotv of the College of Physicians of Phila-

delphia, &c., &c. A New Enlarged J^dition. Octavo. . $1.50

Meigs and Pepper's Practical Treatise on

the Diseases of Children.
Pourth Edition, tliorougUy Eevised and greatly Enlarged,

By J. Forsyth Meigs, M. D., Fellow of the College of Physicians of
Philadelphia, &c., &c.,and William Pepper, M.D., Physician to the

Philadelphia Hospital, (tc, £c., forming a Royal Octavo Volume of

over 900 pages. Price, bound in Cloth, . . . $6.00

Leather, . . . t.OO

Dr. Meigs' work has been out of print for some years. The rapid sale of the three previous editions, and the

Ereat demand for a new edition, is sufficient evidence of its great popuiarity: while the wry large practice

of many years' standing of the author in the speciality of " Diseases of Children," imparts to it a value un-

iijualled, probably.by any other work on the same subject now before the Profession. Thispresent edition lias

been almost entirely rewritten and rearranged, and lio effort or labor has been spared by either Drs. Mejga

ir Pepper, to make'it represent fully in its most advanced state the present condition of Medicine as applied

to ChiKhen's Diseases.

Murphy's Review of Chemistry for Students.

Adapted to ik-i Courses as Taught in the Principal Medical Schools in the

United States. By John G. Murphy, M.D. Li One Volume. $1.25.

" 7his is an exceedingly well-arranged and converient Manual. It gives the most important facts and

principles of Chemistry in a clear and very concise manner, eo as to subserve most admirably the object &I

vfaicb It was designed "

—

North Western ikdical and Surgical Jaumal.
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Maxson's Practice of Medicine.

A New Text-Book on the Practice of Medicine. By Edwin R. Maxson,
^IJy., formerly Lecturer on the Iihstitutes and Practice of Medicine in the

Geneva Medical College. Li One Volume. Royal 8vo. . $4.00

" Judgfng from his work, he must be a correct observer, of ptuin, stroog commou sense, having the pro-

•ress and perfection of tbp healing art. and the amelioration of sufTeiiug, earnestly at heart, free from pr»

|udice, and open to conviction. The fact of eniplojiug, and thtreupon recommending valuable remednj

Bgeuts, as yet, for various reasons, under the ban, and mi.-<undirstood by many physicians, is an honor to

ftini, and gives a certain adUitionat value to bis book."— American Medical MonUdy.

Mendenhall's Medical Student's Vade Mecum.

A Compendium of Anatomy, Physiology, Chemistry, The Practice of Medi-

cine, Surgery, Obstetrics, Diseases of the Skin, Materia Medica, Phar-

macy, Poisons, &c., &c. By George jMendendall, M.D., Professor of

Obstetrics in the Medical College of Ohio, Member of the American

Medical Association, d'c, d'c. The Eighth Edition, Revised and En-

larged ; with 224 Illustrations $2.50

"This volnme puts the stndent in possession of a condenBod medical library. Its accuracy is a strong

recommendation, while the jiortability of a volnme containing the whole circle of medical science is a matter

that will have weight with those for whoso service the book was originally designed. The work is offered,

too, extremely cheap, and will be found a valuable assistant even to a well-informed practitioner of any

branch of medicine."— Boston Medical and Saryical Journal.

Paget's Lectures on Surgical Pathology.

Delivered at the Royal College of Surgeons of England, by James Paget,

F.R.S., Surgeon to Bartholomexo and Christ's Hospital, dx., &c. The

Third American frovi the Second London Edition, Edited and Revised

by William Turner, M.B., Lond. Senior Demonstrator of Anatomy in

the University of Edinburgh, dx., dx. In One Volume, Royal Octavo;

with Numerous Illustrations.

Price, in bevelled cloth, $6.00

" in leather 7.00

Pennsylvania Hospital Reports. Editedhya com.

mittee of the Hosjnial Staff, J. M. DaCosta, M.D., and William Hunt,
M.D. Vols. 1 and 2, for 1868 ayid 1869, each volume containing upwards
o/Twenty Original Articles, byformer and present Members of the Staff,

now eminent in the Profession, with Lithographic and other Phistrations.

Price per volume, ......... $4.00

At last, however, the work has been ecmmenced, the Philadelphia Physicians berr^g

the first to occupy this field of usefulness, having issued the iirst volume of theEeports
of the above hospital last year, and the second volume on January 1st, 1869. The firfet

Reports were so favorably received on both sides of the Atlantic, that it is hardly

necessary to speak for this volume the universal welcome of which it is deserving. We
cannot close our remarks without stating that the papers are all valuable eontributiong

to the literature of medicine, reflecting great credit upon their authors, and the work
IB one of which the Pennsylvania Hospital may well be proud. It will do much towardl

•levatingthe profession of this country in Uie estimation of their foreign brethren."
—American Journal of Obitetrks, May, 18&9.
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Pereira's Physician's Prescription Book.

Containing Lists of Terms, Phrases, Contractions, and Abbreviations, used

in Prescrijjtions, ivith Explanatory Notes, the Grammatical Construction

of Prescriptions, Rules for tlie Pronunciation of Pharmaceutical Terms,

A Prosodiacal Vocabulary of the Names of Dr^igs, etc., and a series of

Abbreviated Prescriptions illustrating the use of the preceding terms, etc.

;

to which is added a Key, containing the Prescriptions in an unabbreviated

Form, with a Literal Traiislation, intended for the use of Medical and
Pharmaceutical Students. By Jonathan Pereira, M.D., F.R.S., etc.

From the Fourteenth London Edition.

Price, iu cloth, $1.25
" iu leather, with Tucks and Pocket, . . . 1.50

This little work has passed through fourteen editions in London and several in this

country. The present edition of which this is a reprint has been carefully revised

and many additions made to it. Its great value is proven both by its large sale and

the many favorable notices of it in the Medical Press.

Physicians Visiting List. Published annually.

SIZES AND PlilCE.
For 26 Patients weekly. Tucks, pockets, and pencil, $1 GO

50 " " * " " 1 25
75 " " " " " • 1 so

100 " " " " '* 2 00

50 " "2vols.fJf-J;J--} " 2 50

100 " "3vols.}J-f/--} " . 3 00

Also, AN INTERLEAVED EDITION,
for the use of Country/ P/ij/aicians and others who compound their own Prescriptions.
or furnish Medicines to their patients. The additional pages can also be used for Special

Memoranda, recording important cases, &c., &c.

For 25 Patients weekly, interleaved, tucks, pockets, etc., . . . . . $1 50

50 " " 2V01S. {j;-jjj--}" " .*
; : :

.' soo

Prince's Orthopedic Surgery.

Orthopedics : A Systematic Worh upon the Prevention and Cure of

Deformities. By David Prince, M.D. With Numerous Illustrations.

Octavo $3.00

"This is a gooil book, upon an important practical siibjoct; carefully written, abund:intly illustrated, aud

well printi'U. It goi'S over tbe whole grouiiJ of deformities of all degrees— from cleft-palate and club-foot, to

(pinal curviitures and ununited fractures. It appears, moreover, to be an original book, so far as one chiefly

of compilatiuu can be so. Such a book was wanted, and it deserves euccess."— Med. <£ Surg. Reporter.

Prince's Plastic Surgery.
A New Classification and a Brief Exposition of Plastic Surgery. By

David Prince, M.D. In One Volume Octavo. With Numerous lUus-

Cration^s. Price, ......... $1.50
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Radcliffe's Lectures on Epilepsy, Pain, Pa-

ralysis,

And certain other Disorders of the Nervous System, by Charles Bland
Eadcliffe, BI.D., Fellow of the Royal College of Physicians of London,

Physician to the Westminster Hospital, etc., etc. With Illustrations.

12mo $2.00

"The reputation which Dr. Radcliffe possesses as a very able authority on neryoiis affections, will commend

his work to every metlical practitioner. Disorders of the nervons system are very imperfectly comprehended,

much concerning them being involved in mystery; and while Dr. Radcliflfe has taken advantage of the ampls

room to theorize, which his subject ulTorded, ho has not failed to bring forward strong and formidable facts to

prove the deductions lie attempts to draw. AVe recommend it to the notice of our readers as a work that wiU

throw much light upon the riiysiology and Pathology of the Nervous System."— Canada Medical JoumaX

Robertson's Manual on Extracting Teeth.

Founded on the Anatomy of the Parts involved in the Operation; the Kinds

and Proper Construction of the Instruments to he used; the Accidents

liable to occur from the Operation, and the Proper Remedies to retrieve

such Accidents. By Abraham Robertson, D.D.S., M.D., Author of

^'Prize Essay on Extracting Teeth," d-c. In One Volume, tvith Illustra-

tions. Second Edition. Revised and Improved. , . $1.50

" The author is well known as a contributor to the literature of the Profession ; and, as a clear, terse, for-

cible writer, he h;is deTntcd considerable care to the subject, ami treated it with hij usual ability. The work
U valuable, not only to the dental student and practitioner, but also to the medical student and surgeon : and
especially so to the military surgeon, who, in times like the present, is called upoa so frequently to perfoms

the operation of extracting teeth."— Dental Cusmos.

Ranking s Half-yearly Abstract of the Medi-
cal Sciences.

Price, per annum, if paid in advance, $2.50. Half-yearly volumes, $1.50.

The first thirty-two volumes, bound in sixteen volumes, leather, can be

furnished each at $2.00. Half-yearly volumes, in paper covers, from 1 to 34,

each at $1.00.

Renouard's History of Medicine.
History of Medicine from its origin to the Nineteenth Century. With an
Appendix containing a Philosophical and Historical Review of Medi-

cine to the pi^esent time. By P. Y. Renouard, M. D. Translated

from the French by Cornelius G. Comegys, M. D., Professor of the

Institutes of Medicine in the Medical College of Ohio, etc. In One
Volume Octavo. Price, $4.00

"From the pages of Dr. Renouard, a very accurate acquaintance may be obtained with the history of medi-
sino— its relation to civilization, its progress compared with other sciences and arts, its most distinguished

caltivators with the several theories and systems proposed by them, and its relation-ship to the reigning phil-

osophical dogmas of the several periods. His historical narration is clear aufl concise, tracing the progress
of medicine through its three ages or epochs— that of foundation or origin, that of tradition, and that of
reuovation."

—

A merican Journal of Medical Science.

"The best history of medicine extant, and one that will find a place in the library of every physician wh«
•ims at an acquaintance with the past history of his profession. There are many items in it we should like

to offer for the instruction and amusement of oiir readers."

—

American Journal of Pharmxejf.
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Ryan's Philosophy of Marriage.

In its Social, Moral, and Physical Relations, with an Account of the Dis-

eases of the Gcnito- Urinary Organs. The Physiology of Generation iyi the

Animal and Vegetable Kingdoms, &c., &e. By Michael Ryan, M.D.,

Member of the Royal College of Physicians and Surgeons in London, &c.

12mo $1.00

"Dr. Ryan i« above reproach or SMspicion; and with a singular degree of candor and independence, explains,

ha a true and pliilosopbical manner, every branch of the subject which he considers essential to be nndex>-

itood by all intelligent persons."— Boston Medical and Surgical Journal.

Reese's Analysis of Physiology.

Being a Condensed View of the most important Facts and Doctrines, de-

signed especially for the Use of Students. By John J. Reese, M.D.,

Professor of Medical Jurisprudence, including Toxicology, in the Uni-

versity ofPennsylvania, &c.,&c. Second Edition, Enlarged. 12mo. $1.50.

Reese's American Medical Formulary.
12mo. . . : S1.50

Reese's Syllabus of Medical Chemistry.
$1.00

Stille's Epidemic Meningitis

;

Or, Cerehro-Spinal Meningitis. By Alfred Stille, M.D., Professor of
the Theory and Practice of Medicine in the University of Pennsylvania.

&c. &c. In Oue Volume Octavo. $2.00

" This monograph is a timely publication, comprehensive in its scope, and presenting within

% small compass a fair digest of our existing knowledge of the disease, particularly acceptable

ftt the present time. It is just such a one as is needed, and may be taken as a model for similar

works."

—

Am. Journal Med. Sciences.

Sydenham Society's Publications. New series,ub'i

to 18T0 inclusive, 12 years, 50 vols. Subscriptions received, and back
years furnished at $10.00 per year. Full jwospectus, with the Btports

of the Society, and Lists of Books published, furnished free upon
application.

Stille's Elements of General Pathology.
A Practical Treatise on the Causes, Forms, Symptoms, and Results of Dis-

ease. By Alfred Stille, M.D., Professor of the Theory and Practice

of Medicine, in the University of Pennsylvania, &e. (In Pi'eparation.)
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Sansom on Chloroform.

Its Action and Administration, by Arthur Ernest Saksom, M.B.,

Physician to King's College Hospital, etc., etc. 12mo. . . $2.00

•' The work of Dr. Sansom may be characterized as most excellent. Written not alone from a theoretic*!

point of view, hut showing very considerable experimental study, and an intimate clinical acquaintance with
the administration of these remedies,— passing concisely over the whole ground, giving the latest 'Jiformatioe

cpon every point,— it is just the work for the student and practitioner. The author may rest assured that,

»! though in his preface he objects to the 'hackneyed expression of endeavoring to supply a want,' this is jtwl

what he has done— supplied and well supplied a want, for no such book existed before in our language."—
American Medical Journal.

Scanzoni's Practical Treatise on the Diseases

of the Sexual Organs of Women.
Translatedfrom the French of Drs. H. Dor and A. Socin, and annotated

with the approval of the axdhors. By A. K. Gardner, A.M., M.D.,

Professor of Clinical Midivifery, &c., &c., in the ^ew York Medical Col-

lege. With Numeroxis Illustrations. Octavo. . . . $5.00

In the etiology, pathology, and therapeutics of female diseases, with all the im-

provements which have been realized during the last twenty years, this volume is ex-

ceedingly rich ; while in its arrangement it is so methodical that it mu.st constitute

one of the best text-books for students, and one of the most reliable aids to the busj

practitioner.

Stokes on the Diseases of the Heart and the

Aorta.

By William Stokes, Regius Professor of Ph^^ic in the University of

Dublin ; Author of the Treatment and Diagnosis of the Diseases of the

Chest, &c., &c. Second American Edition. Octavo. . . $3.00

Spratt's Obstetrical Tables.
Comprising Graphic Plusfrations, with hesrripitions and Practical

Remarks exhibiting on Dissected Plates many important subjects in

Midwifery. 5y G. Spratt, Surgeon Accoucheur. First Americanfrom
the Fourth and Greatly Improved London Edition, carefully Revised,

with Additional Notes and Colored Plates. One Volume Quarto.

Price $8.00

Skoda on Auscultation and Percussion.
By Joseph Skoda. Translated from the Fourth German Edition, by

W. 0. Markham, M, D., Assistant Physician to St. Mary''s Hospital.

12mo $1.50
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Tanner's Practice of Medicine.
FIFTH AMERICAN EDITION.

The Practice of Medicine, by Thomas Hawkes Tanner, M.D., Fellow

of the Royal College of Physicians, Author of A Practical Treatise on

the Diseases of Infancy and Childhood, etc., etc. Fifth American from
the Sixth London Edition. Greatly Enlarged and Improved.

Price, bound in cloth, $6.00
" in leather. 7.00

Dr. Tanner's work on the Practice of Medicine is so well known in this country, and

Las had such an extensive and rapid sale, that it seems almost unnecessary to say any-

thing in reference to it; the present edition, however, contains such substantial addi-

tions and alterations as almost to constitute it a new work, and from being a com-

paratively small volume it now forms a handsome octavo of nearly 1000 pages ; all

that was useful and practical in the smaller volume has been retained and much new
matter added, written in the same condensed and easy style.

"The leading feature of this book is its essentially practical character. Dr. Tanner has prodnced a more
complete System of Medicine than any with which we are acquainted. It is the result of long experience and
hard practice, and it is therefore valuable aa a guide, and trustworthy as an exemplar."— jliondon Lanctt.

Tanner's Practical Treatise on the Diseases

of Infancy and Childhood.
Octavo.

This book differs from other works of the kind, in embracing a wider range of sub-

jects than is usually contained in treatises on children's diseases ; besides the ordinary

complaints of those subjects, it includes many affections which, though common to

adults and children, yet oifer some modification in form, or in the indications for treat-

ment, when occurring in the latter. Thus, we have an account of diseases of the eye,

ear, and skin, of small-pox, scrofula, tuberculosis, syphilis, bronchocele, and cretinism,

diseases of the kidneys and genital organs, and some of the accidents common to child-

hood. The style of the work is condensed, and the book might with truth be called

a manual, rather than a treatise, but there is nothing superficial about it;— every-

thing really important is given, while the discussion of disputed subjects, p.nd, in

fact, of everything which is not of practical importance in the study and treatment of

children's diseases, is omitted.

Tanner's Index of Diseases and their Treat-

ment.
With upwards of 500 FormulcB for Medicines, Baths, Mineral Waters,

Climates for Livalids, &c., &c. Octavo. .... $3.00
"Dr. Tanner has been peculiarly happy in appreciating and supplying the wants of the Profession. His

Index of Diseases gives the derivation of words after the manner of a good Medical Dictionary; an outline of

every disease, including many surgical diseases, with their symptoms and mode of treatment; an admirable

eoUectiuu of Formulaj, and an account of the climates of the various parts of the world suitable for invalids. It

also contains at the beginning of the work a tabular synopsis of subjects, which does double duty at once, a

Nosology and an index. It will be found a moat valuable companion to the jutUcioue i)rac'tilioDer."— Lancet.

Tanner's Memoranda of Poisons.
From the Seccud London Edition. . . , . . . $0.50



LINDSAY AND BLAKISTON'S PUBLICATIONS.

Trousseau's Lectures on Clinical Medicine.

Delivered at the Hotel Dieu, Paris, by A. Trousseau, Professor of Clinic

"al Medicine in the Faculty of Medicine, Paris. Translated and edited,

with Notes and Appendices, by P. Victore Bazire, M.D., Assisti id

Physician to the National Hospital for the Paralyzed and Epileptic, &c.

Volume One. Cloth, 5 00

Volume Two, 5 00

Volume Three, now Ready 5 00

••This book furnishes us with an example of the best kind of clinical teaching, and we are much indebted

to the translator for supplying the Profession with these ailmimljle Lectures. It is a book which deserves to

be popularized. AVe scarcely know of any work better titled for presentation to a young niun when entering

npon the practical woik of his life. The delineation of the recorded cases is graphic, and their narration de-

void of that proli.\ity wliicli, desirable as it is tur purjioses of extended auilysis, is highly undesirable when
the object is to point to a practical lesson."— Lmitlon Medical Tunes and GazetU.

Tyler Smith's Obstetrics.

A Course of Lectures. By "William Tyler Smith, M.D., Physician, Ac-

coucheur, and Lecturer on Midwifery, and the Diseases of Females, in St.

Mary's Hospital, Medical School, &c., &c. With Numerous Illustrations.

Edited by A. K. Gardner, M.D., Fellow of the New York Academy of

Medicine, etc., &c. Octave. $5.00

loynbee on Diseases of the Ear. Their Nature,

Diagnosis, and Treatment. A new London Edition, with a Supple-

ment. By James Hinton, Aural Surgeon to Guy's Hospital, &c. With

Illustrations. Octavo. .... Price, $5.00

Thompson's Clinical Lectures on Pulmonary

Consumption. Octavo. 62.00.

Tyson's Cell Doctrine:
Its History and Present State, with a Copious Bibliography of the Sub-

ject, for the use of Students of Medicine and Dentistry. By James

Tyson, M. D., Lecturer on Microscojnj in the University of Pennsyl-

vania, &c., &c. In One Volume, with a Colored Plate, and numerous

Illustrations on Wood. Price, $2-00

Tilt's Elements of Health, and Principles of

Female Hymene.
«/ o

By F. J. Tilt, ]M.D., Se^iior Physician to the Lying-in Charity, Author

of Works on the Diseases of Menstruation, Uterine Therapeutics, <t-c.,

&c. 12mo $150

"Dr. Tilt divides life into the septennial epochs so long adopted by philosophers and medical aien, Jiscuss-

tog, under the different ages, the physical and moral relations, diseases, &c., peculiar to each. The chapter

devoted to the age from fourteen to twenty-one years contains much valuable advice respecting the menstrual

function during that period. Tables showing the value of life at each of the different periods of life, are

fc^pended in their proper places; and the work also contains other statistics of value and interest. Th«

whole work has been prepared with great care, and contains a large amount of valuable information, which

professional men may consult witli profit."— N. T. Medical Times.



LINDSAY AND BLAKISTON'S PL BLICATI0N3.

Taylor's Theory and Practice of the Move-
ment-Cure.

Or, the Treatment of Lateral Curvature of the Spine, Paralysis, Indigestion^

Constipation, Consumption, Angular Curvatures, and other Deformities,

Diseases Incident to Wometi, Derangements of the Nervous System, and

other Chronic Affections, by the Siredish System of Localized Movements.

By Charles Taylor, M.D. With Illustrations. 12mo. . $1.50

The work of Dr. Taylor is a systematic treatise, containing the principles on which

Ihis treatment is based, and full and explicit directions in their application to indi-

vidual diseases. The author discusses the nutritive processes, muscular contraction,

and the physiology of general exercise, the subjects of the first three chapters, in a

most satisfactory manner. The work is purely of a scientific character, and commends

itself as such to the attention of all physicians.

Virchow's Cellular Pathology.

As based upon Physiological and Pathological History. Translated from
the Second Edition of the Original. By Frank Chance, B.A., M.A.,

Cantab Licentiate of the Royal College of Physicians, &c., &c. With

Notes and Numerous Emendations, principally from MSS. Notes of the

Author, and Illustrated by 144 Engravings. Octavo. . . $5.00

Prof. Virchow and his writings are well known wherever the science of medicine is

studied. This work has been selected by the Medical Bureau of the United States for

general distribution in the hospitals and medical stations of the army; recording, as

it does, the researches in this branch of science down to the present time.

The importance of the subject, the new ideas advanced, and the established repu-

tation of the author, induced the publication of this book, and has made it a standard

work throughout Europe and in this country.

Virchow on Morbid Tumors.
IN PREPARATION.

Walker on Intermarriage.

Or, the Mode in which, and the Causes why, Beauty, Health, and Intellect

restdt from certain Unions, and Deformity, Disease, and Insanity from

others. With Illustrations. By Alexander Walker, Author of

''Woman," "Beauty," Ac, &c. 12mo $1.50

"The author is evidently a careful observer, and a proper thinker, and has presented ns with a vast amount

of information, derived both from man and the inferior animals. lie has aimed to be useful, by pointing out

tiow bodily deformities and mental infirmities may be forestalled; and Low marriages among blood relations

tend to the degeneracy of the offspring. lie also shows bow, by carefully assorted marriages, the means of

Improving general organization and beauty of countenance, as well as mental and physical vigor, are, in a

great degree, under the control of man. Although not strictly a medical work, we cannot refrain from cono"

mending it to the pe» uaal of the Profsesion, aa it contaiuB much that is valuable in a hygienic point of view." —

•

Mtdical Examiner



LINDSAY AND BLAKISTON'S PUBLICATIONS.

Wythes' Physician's Pocket, Dose, and Symp-
tom Book.

Containing the Doses and Uses of all the Principal Articles of the Materia

Mcdica, and Original Preparations; A Table of Weights and Mea-

sures, Pules to Proportion the Doses of Medicines, Common Abbre^

viations used in Writing Prescriptions, Table of Poisons and Antidotes,

Classification of the Materia Medica, Dietetic Preparations, Table of

Syviptoynatology, Outlines of General Pathology and Therapeutics, &c.

By Joseph H. Wythes, A.M., M.D., &c. The Eighth Be vised Edition.

Price, in cloth, $1.00
" leather, tucks, with pockets, .... 1.25

This little manual has been received with much favor, and a large number of copies

Bold. It was compiled for the assistance of students, and to furnish a vade mecum for

the general practitioner, which would save the trouble of reference to larger and more

elaborate works. The present edition has undergone a careful revision. The thera-

peutical arrangement of the Materia Medica has been added to it, together with sucil

other improvements as it was thought might prove of value to the wor«.

Waring's Manual of Practical Therapeutics.

Considered chiefly with reference to Articles of the Materia Medica. By
Edward Joun Waring, F.R.C.S., F.L.S., &c., &c. From the Second

London Edition. Royal Octavo.

Price, in cloth, $6.00
" in leather, 7.00

There are many features in Dr. Waring's Therapeutics which render it especially

valuable to the Practitioner and Student of Medicine, much important^and reliable in-

formation being found in it not contained in similar works ; it also'differs from them

in its completeness, the convenience of its arrangement, and the greater prominence

given to the medicinal application of the various articles of the Materia Medica in the

treatment of morbid conditions of the Human Body, &c., &c. It is divided into two

parts, the alphabetical arrangement being adopted throughout the volume. For the

further convenience of the reade- there is also added an Index of Diseases, with a

list of the medicines applicable as remedies, and a full Index of the medicines and

preparations noticed in the work.

" Our admirfttion, not only for the immense industry of the author, but also of the great practical value of

the volume, increases with every reading or consultation of it. We wish a copy coulil be put in the hand*

Iff every stuilout or practitioner in the country. In our estimation it is the best book of the kind ever

nrritten."— N. T. Medical Journal.

Weber's Clinical Hand-Book of Auscultation

and Percussion.
All Exposition from First Principles of the 3Iethod of Investigating

Diseases of the Respiratory and Circulating Organs. Translated by
John Cockle, M. D, With Illustrations. Price, . . $1 .00



LINDSAY AND BLAKISTON'S PUBLICATIONS.

Walton's Operative Ophthalmic Surgery.

By Haynes Walton, F.R.C.S., Surgeon to the Central London Ophthal-

mic Hospital, &c. With 169 Illustrations. Edited by S. Littell,

M.D., Surgeon to the Wills Hospital for the Diseases of the Eye, &c.

Octavo $4.00

"It Is eminently a practical work, evincing in its author great research, a thorough knowledge of his sub-

)ecl, and au accurate and most observing mind."— Dvhlin Quarterly Journal.

Watson's Practice abridged.

A Synopsis of the Lectures on the Principles and Practice of Physic. De-

livered at King^s College, London, by Thomas "Watson, M.D., Fellow

of the Royal College of Physicians, <^c., <tc. From the last London
Edition. With a concise bid Complete Account of the Properties, Uses,

Preparations, Doses, &c., of all the Medicines mentioned in these Lectures,

and other Valuable Additions, by J. J. Meylor, A.M., M.D., &c., &c.

A neat locket Volume bound in cloth flexible. , . . $2.00

Wells' Treatise on the Diseases of the Eye,
illustrated by Ophthalmoscopic Plates and Numerous Engravings on

Wood. By J. SoELBERG vVklls, Ophthalmic Surgeon to King^s College

Hosjntal, (he. Second London Edition, cloth, $G.50 ; leather, $7-50.

This is the author's own edition, printed in London under his supervision, and issued

in this country by special arrangement with him.

Wright on Headaches.
Their Causes and their Cure. By Henry G. Wright, M.D., Membet

of the Royal College of Physicians, d'c. &c. From the Fourth London

Edition. 12rao. Cloth $1.25

" Few afi'ections are more unmanageable and more troublesome than those of which

this essay treats; and we doubt not that any suggestions by which we can relie\e

them will be gladly received by physicians. The author's plan is simple and practical.

He treats of headaches in childhood and youth, in adult life and old age, giving in

each their varieties and symptoms, and their causes and treatment. It is a most satis-

factory monograph, as the mere fact that this is a reprint of the fourth edition, testifies.

"The great pains which the author takes to clear up the differential diagnosis of the

different varieties, and establish a satisfactory basis for rational treatment, are every-

where visible. While such a valuable fund of information is offered to the practitioner

lit the cost of a single visit, he should not let his patient suffer for want of it." —
Medi'.al and Surgical Reporter.

Wells on Long, Short, and Weak Sight, and

their Treatment hi/ the Scientific Use of Spectacles. Third Edition Re-

vised, with Additions and Numer'ous Illustrations. By J. Scelberg

Wells. Octavo. ..... P^ice, $3.00



DENTAL BOOKS published bv

LL^DSAY & BLAKISTON,
JVo. 25 South Sixth Street, above Chestnut,

PHILADELPHIA.

llirris's Principles and Practice of Dentistry. ,

THE TENTH REVISED EDITION.

Ill great part lie-ivritten, Re-arranged, and with many
New and Important Illustrations.

INCLUDING
1. Dental Anatomy and Physiology. 3. Dental Surgery.

2. Dental Pathology and Therapeutics. 4. Dental Mechanics.

By Chapin a. Harris, M.D., D.D.S., &c. The tenth edition, revised and

edited by P. H. Austen, M.D., Professor of Dental Science and Mechan-

ism in the Baltimore College of Dental Surgery, with nearly 400 Illustra-

tions, including many neiv ones made especially for this edition.

One volume, Royal Octavo, bound in Cloth, .... $6.50

Leather, . . . 7.50

The subscribers, in presenting to the Dental Profession The Tenth Re-

vised Edition of the late Prof. Harris's Text-Book of Dentistry,

desire to call their attention to the thorough revision, and modification in

its arrangement which it has been found necessary to make, in order to bring

it fully up to the present advanced state of the science, and to preserve for

it that reputation which it has for so many years sustained, as being the

first and leading book on the subject in the English language.

So great have been the advances in Dental Physiology, Pathology, Sur-

gery, and Mechanism, that a revision in all its parts, more complete and

thorough than has been made to any previous edition — amounting, in some

cases, to a re-writing of the articles or subjects— had become imperative;

and in order to have this done in the most efficient manner, the publishers

were, fortunately, able to secure the valuable services of Prof. Austen, of

the Baltimore Dental College, who, added to his experience of twenty years

as a teacher, was, for a long time, the associate and friend of Dr. Harris.

He was thus peculiarly fitted for this task. In order, however, to render

the work the more perfect and acceptable to the Profession, Dr. Austen

associated with him Prof. Gorgas and Thomas S. Latimer, M.D., of the same

school, both gentlemen of acknowledged proficiency in their respective

def)artments, and further obtained valuable original articles from Prof.

Kingsley, of the New York Dental College, whose reputation is well known,

and other gentlemen of the Profession of equal repute in their respective

specialties. The publishers, therefore, oflTer this edition to the Profession

with the utmost confidence that it will be found most complete in every

respect as a text-book for the student and a guide and companion for the

experienced practitioner.



Harris's Dictionary.
THE THIRD REVISED ED.TION.

A Dictionary of Medical Terminology, Dental Surgery, and the
Collateral Sciences. By Chapin A. Harris, M.D., D.D.S., Pro-

fessor of the Principles of Dental Surgery in the Baltimore College,

Member of the American Medical Association, &c., &c. The Third
Edition, carefully revised and enlarged, by Ferdinand J. S. Gorgas,
M.D., D.D.S., Professor of Dental Surgery in the Baltimore College,

(fcc, &G, In one volume, Royal Octavo, bound in Cloth, . ^6.50

Leather, . 7.50

For a long period after the death of Dr. Harris his Dictionary remained

out of print, but a constantly increasing demand for it from the Profession

and from students urged the publishers to the preparation of a new edition.

The many advances in dental science made during this interim rendered

the incorporation of many new terms and formulae absolutely necessarj' to

the student of Dentistry, as well as to the dental practitioner. The present

edition has been thoroughly revised by Prof. Gorgas, Dr. Harris's successor

in the Baltimore Dental College ; and in a very satisftictory manner,

nearly three thousand new words have been incorporated into it, besides

additions and corrections being made to many others. The doses of the

more prominent medicinal a^^'^nts have also been added, and in every way
the book has been greatly improved, and its value enhanced as a work of

reference. To those studying or practising Dentistry it must prove in-

valuable.

Heath on the Injuries and Diseases ofthe Jaws.
The JacTcsonian Prize Essay of the Royal College of Surgeons of England,

1867. By Christopher Heath, F.R.C.S., Assistant Surgeon to Uni-

versity College Hospital, and Teacher of Operative Surgery in University

College. Containing over 150 Illustrations. Octavo, . . $6.00

This work is of the highest practical value. It treats of dislocations, fractures,

deformities, and other disorders of the jaws, Avith the means for relief, illustrated by
drawings of displacements, apparatus, morbid growths, portraits of patients, etc., to

the number of 154. It embodies American as well as European experience, and con-
tains quite a large appendix of cases in detail. The practical character of its contents,
with good paper, print, and engravings, strongly commend this book to the profession.

Every surgeon and dentist should have a copy.

—

Dental Cosmos.
It is impossible to over-estimate the value and importance of this comprehensive

work.— British Journal of Dental Science.

The concise descriptions and excellent arrangement make this monograph valuable
for reference. — British Medical Journal.

Coles on Deformities of the Mouth,
Congenital and Acquired, with their Mechanical Treatment. By James
Oakley Coles, D.D.S., Member of the Odontological Society, &c., &:c.

Second Edition, Revised and Enlarged, with 8 Colored Engravings and
51 Illustrations on Wood. ....... $2.50

The second edition of this work shows that the author has continued to devote him-
self with zeal to the investigation and treatment of a very interesting class of cases.
Mr. Coles has especially studied the congenital cleft palate, and has, with the mirror,
detected, in several cases, growths in the naso-pharyngeal tonsil. Very beautiful
colored drawings are given in illustration of the subject of cleft palate. Mr. Coles
gives the preference to mechanical treatment, in both congenital and pathological
perforations of the palate, and his experience as to the good results obtained is cer-
tainly most encouraging. AVe recommend the work to the study of both surgeons and
dentists. -— London Lancet.



Taft's Practical Treatise on Operative Den-
tistry. A NEW EDITION, THOROUGHLY REVISED.

By Jonathan Taft, D.D.S., Professor of Operative Dentistry in the Ohio

College of Dental Surgery, &c. The Second Edition, thoroughly Revised,

with additions, and fully brought up to the present state of the Science.

Containing over 100 Illustrations. Octavo. Leather, . . $4.50

The fii'st edition of Dr. Taft's work imparted a new impulse to the practice of Oper-
ative Dentistry. In the early days of the profession, excellence, as an operator, was
attainable only by long years of industrious practice. Now, many of the best opera-
tors are found among those comparatively young; and perhaps no single agency has
done more to ptoduce this result than this volume of Professor Taft in systematically
and clearly setting forth the attained truths of our science in such a way as to be acces
sible to all.

The second edition contains nearly fifty additional pages of matter, and the whole
work is carefully revised, with a labor but little, if anj', short of the preparation of an
entirely new volume.— Denial Register

The first edition of this "Practical Treatise on Operative Dentistry," by Prof. Taft,

published in 1859, has become very familiar to the dental practitioner and student, and
its value universally acknowledged. It is with pleasure, therefore, that we note the
issue of a revised edition, which the author's industry has made still more worthy of
professional attention. — American Journal of Denial Science.

Professor Taft has done good service to the profession in thus embodying, in a sep-
arate volume, a comprehensive view of Operative Dentistry. This gentleman's position
as a teacher must have rendered liim familiar with the most recent views which are
entertained in Anierici on this matter, wliile his extensive experience and well-earned
reputation in practice must have rendered him a competent judge of their merits. We
willingly commend Prof. Taft's able and useful work to the notice of the profession.

—

London Denial Review.

Richardson's Practical Treatise on Mechani
Cal JJentlStry. second edition, much enlarged.

By Joseph Richardson, D.D.S., Professor of Mechanical Dentistry in

the Ohio College of Dental Surgery, &g. With over 150 heautifxdly exe-

cuted Illustrations. Octavo. Leather ..... $4.50

When the first edition of this work made its appearance, we gave a favorable notice

of it. It is only necessary now to add that the second contains all the improvements
in this department of Dentistry' of the past ten years. Many additions have been made
and other parts have been entirely re-written. — Dental Cosmos.

Dr. Richardson's work is justly regarded as indispensable to the dentist. Rejecting

all th.'it is useless, and conveying his ideas without the verbiage in which too many
encumber their thoughts, he lias given to us a concise statement of what is to be done
by the mechanical dentist, and how to do it.

—

Denial Lahoralory.

Prof. Richardson is thoroughly and minutely acquainted with every topic he attempts

to discuss, both in theory and practice. He exhibits a knowledge of the hidden nooks
and corners of the dental laboratory quite refreshing, in view of the superficial treat-

ment the subject has usually received. He selects one great and important branch of

dental science, and exhausts it, placing it in such plain and practical form so that every

student sees and understands its merits at a glance. —N. Y. Denial Journal.

This work does infinite credit to its author. Its comprehensive style has in no way
interfered with most elaborate details where this is necessary; and the numerous and
beautifully executed wood-cuts with which it is illustrated render this volume as at-

tractive as its instructions are easily understood. — Edinburgh Med. Journal.

After a careful perusal, we have no hesitation in commending the book to our readers

as a good practical work, the illustrations of which greatly surpass, so far as we are

aware, any other American work on the subject. — London Lancet.

The scope of the whole work is thoroughly carried out, and to any one desiring a

theoretical knowledge of Dental Mechanics, Dr. Richardson's book will be found a

most efficient guide. — British and Foreign Medico-Chirurg. Review.



Robertson's Manual on Extracting Teeth.
A NEW REVISED EDITION.

Founded on the anatomy of the parts involved in the operation, the kinds

and prop)er construction of the instruments to he used, the accidents likely

to occur from the operation, and the proper remedies to retrieve such acci-

dents. By A. Robertson, M.D., D.D.S., &c. Second Edition. $1.50.

Tbe autlioi* is well known as a contributor lo the literature of the profession, and as

a clear, terse, and practical writer. The subject is one to which he has devoted con-

siderable attention, and is treated with his usual care and ability. The work is valu-

able, not only to the dental student and practitioner, but also to the medical student

and surgeon.

—

Dental Conmos.

Bond's Practical Treatise on Dental Med-
icine. FOURTH EDITION IN PREPARATION.

Tomes' System of Dental Surgery.
Witli 208 Illustrations . $4.50

Fox on the Human Teeth.
Their Natural History, Structure, and Treatment of the Diseases to which

they are Subject. With 250 Illustrations. .... $4.00

Sanson! on Chloroform.
Its Action and Administration, by Arthttr Ernest Sansom, M.B.,

Physician to King's College Hospital, &c., &c. 12mo , . . $2.00

The work of Dr. Sansom may be characterized as most excellent. AVritten not alone

from a theoretical point of view, but showing very considerable experimental study,

and an intimate clinical acquaintance with the administration of these remedies ; pass-

ing concisely over the whole ground, giving the latest information upon every point,

it is just the work for the student and practitioner. The author may rest assured that,

although, in his preface, he objects to the ''hackneyed expression of endeavoring, to

supply a want," this is just what he has done— supplied, and well supplied, a want

;

for no such book existed before in our language. — American Medical Journal.

Anstie on Stimulants and Narcotics.
Their Mutual Relations, with Special Researches on the Action of Alcohol,

Ether, and Chloroform on the Vital Organism. By Francis' E. Anstie,

M.D., Assistant Physician to Westminster Hospital, Lecturer on Materia

Medica and Therapeutics, &c. &c. Octavo. .... $3.00'

Handy's Text-Book of Anatomy^
And Guide to Dissections. For the use of Students of Medicine and

Dental Surgery. With 312 Illustrations. Octavo. . . . $4.00

' IN FJIEPAJIATIOJV.
THIS :p.A.TH:oLOC3-iir OIF THE teeth:.
By Prof. Wedl, of the Univey^sity of Vienna. Translated by Francis H.
Brown, M.D., and Edited by Thos. B. Hitchcock, M.D., Professor

of Dental Pathology and Therapeutics in the Dental School of Harvard'

University, Cambridge. With numerous Illustrations.



LINDSAY AND BLAKISTON'S PUBLICATIONS.

'Cooley's Toilet and Cosmetic Arts.
The Toilet and Cosmetic Arts, in Ancient and Modem Times. With a

Review of the Different Theories of Beauty and copious allied Informa-
tion, Social, Hygienic, and Medical, including Instructions and. Cautions

respecting the Selection and Use of Perfumes, Cosmetics, and other Toilet

Articles; and a Comprehensive Collection of Formuloe, and Directions

for their Preparation. By Arnold J. Cooley, Author of " Cyclopcedia

of Receipts : Processes, Data, and Collateral Information, &c.,in tlie Arts
and Manufactures.^^ With Index to about 6000 Matters of Interest, Use
or Caution. Demi-Octavo. ....... $3.00

Ott on the Manufacture of Soaps and Candles.
Including the Most Recent Discoveries, embracing all kinds of Ordinary
Hard, Soft, and Toilet Soaps, especially those made by the Cold Process

;

and the Modes of Detecting Frauds in the Manufacturing and the Making
of Tallow and Composite Candles. By Adolph Ott, Practical and
Analytical Chemist. 12mo. With Illustrations. (Just ready.) $2.50

The author, in preparing this volume, has been careful to give a clear and concise

(Hjcount of the art of soap and candle making, as now practised, so as to make the work
as practical in its character as possible. Appropriate illustrations have been added,
and critical explanations of the various manipulations and mechanical arrangements,
by which they are effected. Much new matter has also been incorporated in the book,

never before published.

Piesse's Whole Art of Perfumery.
A NEW REVISED AND ENLARGED EDITION.

And the Methods of Obtaining the Odors of Plants; with Instructions for
the Manufacture of Perfumes for the Handkerchief, Scented Powders,

Odorous Vinegars, Dentifrices, Pomatums, Cosmetics, Perfumed Soaps,

&c.; to xohich is added an Appendix, on Preparing Artificial Fruit

Essences, &c. By G. W. Septimus Piesse, Analytical Chhnist. A new
American from the Third London Edition. 12mo. With Numerou^a

Illustrations. ......... $3.00
Dr. Piesse's volume covers the entire ground of the subject upon which it treats.

II is full of Useful and Curious Information, including also many Valuable Formulae;

an I will be found of equal importance and interest to the practical man as to the gen-

eral reader.

Overman's Practical Mineralogy, Assaying

and Mining.
With a Description of the Usefxd Minerals, and Instructions for Assaying,

according to the simplest Methods. By Frederick Overman, Mining
Engineer, &c. 12mo $1.25

The object of this volume is to place before the j^iblic the characteristics and usef

»i minerals, in a popular style, avoiding, as far as possible, the use of scientific and
technical terms. The subject is divided into three parts: — Mineralogy, or a Descrip-

tion of the Appearance of Minerals, with the localities in which they may or have be«^n

found; Assaying, or an Investigation of the value of ^linerals, by means which are

within the reach of ever^ one ; and Practical Mining in its simplest form.

Piggott on Copper Mining and Copper Ore.
Containing a full Description of some of the Prin<:ipal Copper Mines of the

United States, the Art of Mining, the Mode of Preparing the Ore for

Market, d-c, &c. By A. Snowden Piggott, M.D., Practical Chemist.

12mo. 81.60



LINDSAY AND BLAKISTON'S PUBLICAtlONS

Morfit's Chemical and Pharmaceutical Man-
ipulations.

A Manual of the Chemical and Cliemico-Mechanieal Operations oj the.

Laboratory. By Campbell Morfit, Professor of Analytic and Applied

Chemistry in the University of Maryland, assisted by Clarence Morfit,
Assistant Melter and Refiner in the United States Assay Office. The
Second Edition, Revised arid Oreatly Enlarged, with over 500 Illustra-

tiom. Octavo $5.00
"The arranfrement of the whole is such, that every student will be abl«to go through the work without a

gfuieie to lead hiiu, provided tlie iiecessarj' apparatus are at hia command. But even without tliem, a careful

study of the book will give the attentive student a very useful insight in all the manipulations of the pharma-
ceutical chemist, and thousands, no doubt, who are prevented f;om attending the schools of f harniacy and
rthemistry, will gladly avail themselves of the only means left them for sell-improvement. The amount of
perseverance and industry displayed in the getting up of this work is truly astonishing, the clearness of ex-

uressiou in every sentence, and the accuratenese of the 500 illustrations, are above praise. ' Morfit's Manipula-
tions ' ranges in utility immediately after the United States Dispensatory."— Cliemical Gazette.

Branston's Hand-Book of Practical Eeceipts.
A Manual- for the Ghemiat, Druggist, Medical Practitione'^, dec, &c.

Gomprii^ing the Ofjicinal Medicines, their Uses, and Modes of Prepara-
tion, and Formulae for Trade Preparations, Mineral Waters, Poicders,

Beverages, Dietetic Articles, Perfumer]/, &c.; ivith a GI<^ssary of
Medical and Chemical Terms, and a Copious Index. By Thomas
F. Branston. From (he Second Revised and Enlarged Edition.

12rao ... $1.50

Campbell's Manual of Scientific and Practical

Agriculture.
A Systematic Arrangement of all Scientific Knoivledge bearing in any man-

ner on the great work of Farming. For the use of Schools and Farmers.
By Prof. J. L. Campbell, of Washington College, Va. 12mo. With
Illustrations. ....... . $1.50

This volume lia,8 been prepared to supply those already engaged in the culture of the
soil with a guide, the study or perusal of which will enable them to improve upon the
old systeiu, or rather want of system, whicl has worn out so much of our best land,

and has rendered the pursuit, in so many instances, unprofitable; and also to meet the
oemauds of teachers for a text-book of the right kind, which will give the student such
information as will fit him for the intelligent pursuit of agriculture as a business.

Darlington's Flora Cestrica;
Or, Herborizing Companion. Containing all the Plants of the Middle

States, their Linnman Arrangement, a Glossary of Botanical Terms, a
complete Index, etc. By William Darlington, M.D. The Third
Edition, enlarged. 12ino. . . . ' . . . . $2.25

Miller on Alcohol, and Lizars on Tobacco.
Alcohol: Its Place and Power. By James Miller, F.E.S.E., Professor

of Surgery in the University of Edinburgh ; President of the Medico-
Chirurgical Society ; Author of Miller's Principles and Practice of
Surgery, etc., etc. The Use and Abuse of Tobacco. By John Lizars,
late Professor of Surgery to the Royal College of Surgeons, etc., etc. The
Two Essays in One Volume. l2mo. ..... $1.00

The first of these treatises was prepared by Prof. Miller at the request of the Scot-
tish Temperance League, who were anxious to have a work of high authority, present-
ii3g the medical view of the Temperance question. It has passed through a great
number of editions in Scotland, and has had a large sale in this country. The second
was prepared by Frof. Lizars to show the pernicious consequences of excessive oi

habitual smoking. If purchased in quantities, either together or separately, by Tem-
perance or other societies, they will be furnished at a reduced price



EEW SYDEi\HAM SOCIETY'S PUBLICATIOiYS.

LINDSAY & BLAKISTON, Philadelphia,

Are now prepared to receive subscriptions for the publications of The New Syden-

ham Society for the new year, at Ten Dollars, payable in currency, and invariably in

ftdvance, and to furnish any of the previous years at the same rate and on the me

terms.

The Practical Character and Permanent Value of these publications, and the very

low price at which they are furnished, commend them to the favorable attention of the

Medical Profession in the United States.

WORKS ALREADY PUBLISHED.
1859. (First Year.)

Vol. 1. DiDAT on Infantile Sypliilis.

2. GooCH on Diseases of Women.
5. AIemoirs on Diiihtlieria.

4. Vax der Kolk ou tlie Spinal Cord, Ac.

6. MoNOQRAPUS (Kussmal & Tenner, Graefe,

Wagner, &c.)

1860. (Second Tear.)

Vol. 6. Dr. Bright on Abdominal Tumors.
7. Frerichs on Diseases of the Liver. Vol. I.

8. A Ykarbook for 1809.

9. Atlas of Portraits of Skin Diseases. (1st

fasciculus.)

1861. (r/u>d Tear.)

Vol. 10. A Yearbook for 1860.

11. SIo.NOflRAPHS (Czermak, Dusch, Radicke, &c.)

12. Casper's Forensic Medicine. Vol. I.

14:. Atlas of Portraits of Skin Diseases. (2ud
Fasciculus.)

1862. (F^rtk Year.)

Vol. 13. FRERicns on Diseases of the Liver. Vol. II.

15. A Yearuook for 1861.

16. Casper's Forensic Medicine. A'ol. II.

IT. Atlas of Portraits of Skin Diseases. (3d

Fasciculus.)

1863. (Fifth Year.)

Vol. 18. Kramer on Diseases of the Ear.

19. A Yearbook for 1862.

20. Necbauer and Vooel on the Urine.

1864. (Sixth Year.)

Vol. 21. Casper's Forensic Jledicine. Vol. III.

22. DoNDERS on the Accommodation and Refrac-
tion of the Eye-

23. A Yearbook for 1863.

24. Atlas of Portraits of Skin Diseases. (4th

Fasciculus.)

1865. {Seventh Year.)

Vol. 25. A Yearbook for 1864.

26. Casper's Forensic Medicine. Vol. TV.

27. Atlas of Portraits of Skin Diseases. (5th

Fasciculus.)

1866. (Eighth Year.)

Vol. 28. Berxutz&Goupii. on the Diseases ofWomen.
29. Atlas of Portraits of Skiu Diseases. (6th

Fasciculus.)

30. IIebba on Diseases of the Skin. Vol. I.

31. Beknutz & GoUPiL on Diseases of Women.
Vol. II.

1867. (Ninth Year.)

Vol. 32. A Bie?i:«ial Retrospect of Medicine and Sur-

gery.
33. Griesi.noer on Mental Pathology and Thera-

peutics.

34. ATLA.S of Portraits of Skin Diseases. (7th

Fasciculus.)

35. Trousseau's Clinical Medicine. A'ol. I.

186S. (Tenth Year.)

A'ol. 36. The Collected Works of Dr. Addison.
37. IIebra on SkinD iscases. A'ol. II.

38. Lancereaux's Treatise on Syphilis. Vol. I.

39. Atlas of Portraits of Skin" Diseases
;

(8th

Fasciculus.)

40. A Catalogue of the Portraits issued in the
Society's Atlas of Skin Diseases. (^Part I.)

1869. (Eleventh Year.)

A'OL. 41. Trousseau's Clinical Medicine. Translated
and edited by Dr. Rose Corinack. Vol. II.

42. Biennial Retrospkot of Medicine and Sur-
gery, for 1867-8. Edited by Dr. Anstie,

Dr. Barnes, Mr. Holmes, Mr. Power, Mr.
Carter, and Dr. Underwood.

43. Lancereaux on Syphilis. Translated by Dr.

AVhitley. A"ol. II., completing tite Work.

44. A Ninth Fasciculus of the Atlas of Pob-
traits of Skin Diseases

WORKS FOR 1870.— 12th YEAR.
Trousseau's Clinical Medicine. Vol. III.

Strieker's Manual of Histology. Vol. I.

Niemeyer on Phthisis.

A Tenth fasciculus of the Atlas of Skin Diseases.

Sabscriljers at a distance can have their Volumes mailed to them, postage paid, as they appear, by

• emitting $1 50 in addition to the subscription price for the year.

Non-Subscribers can obtain the books published during any one j'ear by snbscribing and paying for

that year $10.00, but no volumes or books can be had otherwise or separately except the folloTvIng:

THe Year Books for 1859, '60, '61, and '62, for $10 59

Portraits of Skill Diseases. Fasciculi 1 to 9, for • .42 00

A Descriptivn Catalogue of the Society's Atlas of Portraits of Diseases of tht Skin, and their last

REPORT, wiD be famished gratis upon application.



AMERICAN & BRITISH PERIODICALS
SUPPLIED BY

LINDSAY & BLAKISTON,
PHILADELPHIA.

Su.l>scriptioiis Payable in Advance.

NAMES. WHEEE PUBLISHED.

TEAMLY,
The Pennsylvania Hospital Reports,

The Physician's Visiting List, for 1871, prices reduced,
Clinical Society's Transactions, ....
St. Andrew's Medical Graduates' Astociation Reports,

St. T/iomrrs' Hos]ntal Reports,

The Liverpobl " "

St. Oeorge's " "

St. Bartholomew " "

Chiy's " "

Obstetncal Society's Transactions,

Pathological " '«

Medico- ChiJiirgical Society's Transactions,

The New Sydenham Society's Publications. 3 to 4 vol-

umes published annually, .....
HALF-TEARL T.

Braithioaite's Retrospect of Medici7ie and Surgery,

Ranking's Half-Yearly Abstract " "

Per

Vols. 1 & 2, each,

See Catalogue.
London, .

London,

Koprint,

QUAB.TE11LT,
American Journal of the Medical Sciences, .

British and Foreign Medico-Chirurgical Review, .

The Dublin (Quarterly Journal of Medicine, .

American Journal of Syphilography and Dermatology,

Journal of Anatomy and Physiology. $2.00 per Number,
Microscopical Journal, ......
The American Journal of Obstetrics, ....
Jour7ial of Psychological Medicine, ....
The Neio Orleans Journal of Medicine,

The Ophthalmic Hospital Reports, ....
BI-MONTHLY.

The American Journal of Pharmacy, ....
MONTHLY,

Journal of the Gynaecological Society, ....
The London Lancet, ....... Keprint,

T/te Pharmaceutical Journal, ..... London,
The Medical and Surgical Journal, .... Edinburgh

The Practitioner. Edited by F. E. Anstie, M. D., . . Reprint,

The American Chemist, New York,

The Medical Archives, St. Louis,

The Richmond and Louisville Medical Journal, . . Louisville,

The Chicago Medical Journal, ......
New York Medical Journal New York,

Philadelphia,
London,
Dublin,
New YorK,
London,

(I

New York,

New Orleans,

London,

Philadelphia,

Boston

The Medical Times,

The Medical Record,

SEMI-MONTHLT,

WEEKLY,
The London Lancet,
" Medical Times and Gazette, .

'* British Medical Journal,
*' Medical and Surgical Reporter,
" Medical and Surgical Journal,

Philadelphia,
Boston,

Any other Journals vnll be furnished to order.

Philadelphia,

New York,

London,

PEICE
Abtitith.

$4 OO

10 00

2 60
2 60



No. 5. The Lymphatics or Absorbents.
No. 6. The Digestive Organs.
No. 7. The Brain and Nerves.

No. 8. The Organs of Sense and Voice.

No. 9. The Textures.— Microscopic Struc-

tures.

Marshall's Physiological Diagrams.

LIFE-SIZE, AND BEAUTIFULLY COLORED.
On account of their large size and the great distinctness of the figures on them, there

has been a growing demand in this country for these Maps for the Lecture Room and

for lecturing from in Medical as well as other Schools. In order to supply thia

demand on more favorable terms, we have recently completed an arrangement with the

publishers in London, by which we can sell them to the ti-ade and others at a reduced

price and on better terms than heretofore.

The series, illustrating the whole Human Body, are life-size, each map printed on a

single sheet of paper, made specially for the purpose, 1 feel long and Z feet 9 inches broad,

colored in fac-simile of the Original Drawings. There are nine diagrams, as follows

:

No. 1. The Skeleton and Ligaments.

No. 2. The Muscles and Joints, with Ani-

mal Mechanics.
No. 3. The Viscera in Position. — The

Structure of the Lungs.

No. 4. The Heart and principal Blood-

vessels.

Prepared under the direction of John Marshall, F.R.S., F.R.C.S., Pro-

fessor of Surgery, University College, and Surgeon to University College

Hospital.

Price of the Set, Nine Maps, in Sheets, .... $50.00
" " " " handsomely Mounted on

Canvas, with Rollers, and Varnished, $80.00

Though designed more especially for purposes of general education, supplying an

acknowledged necessity of modern teaching, these diagrams will be found not inappli-

cable to the requirements of professed Medical Schools, atfording. as they do, a coi-rect

preliminary view of the various systems and organs in the human body. For Public

School Pukposks, for Lectures at Literary, Scientific, and other Institutes, they will

be found invaluable; and also to students of Artistic Anatomy, imparting, as they do,

when suspended on the walls of the Lecture-hall, School-room, or Studio, a familiar

acquaintance with the whole human system.

An Explanatory Key to the Physiological

Diagrams. By John Marshall, F.R.S., F.R.C.S., &c. Octavo.

Paper covers 50 cts.

Description of the Human Body.
Its Structure and Functions. Illustrated by Physiological Diagrams,

Designed for the Use of Teachers in Schools and Young Men destined

for the Medical Profession, and for popidar Instruction genercdly. New
Edition. By John Marshall, F.R.S., F.R.C.S., Professor of Surgery,

University College, and Surgeon to the University College Hospital.

The work contains 260 quarto pages of Text, bound in cloth, and 193 Colored

Illustrations, arranged in Nine Folio Diagrams, carefully colored and
reduced from Prof Marshall's large ivor/c. 2 vols. Cloth. . §10.00

Beeton's Book of Household Management.
With Sanitary, Medical, and legal Meviorandums ; also, a History of the

Properties and Uses of all things connected with Home Life and Com-

forts. With 72 colored and 600 other Illustraiions. By Mrs. J. Beeton.
A New Edition, 1100 pages. Demy-octavo, half-roan. . $3.25



PRICES REDUCED OP

Lindsay & Blakiston's

PHYSICIAN'S VISITING LIST.
IN PEEPAEATION FOE 1872.

"The simplest of all tlie visitinq lists published, it must continue to hol>l, what i(

now has, the preference over all other forms of this indispensable companion for the

riiysician."

—

Neio York Med. Journal.

1. Table of Signs, or (jiiide for Registering Visits, En-
gagements, dtc.

2. An AlniaiiHC

3. Marslmll Hall's Ready Method in Asphyxia.
4. I'disoris and their Antidotes.

5. Talile torCalcnlatini; the Period of Utero-Gestation.

6. Th.e Visiting List arranged for 25, 50, 75, or 100

Patients.

Memoranda pages for every month in the year.

Pages for Aildrosses of Patients, &c.
" Bills and Accounts asked for and de-

livered.
" Obstetric Engagements.
" Vaccination.
" Recording Obstetric Cases, Deaths, anJ

for General Memoranda.

For 25 Patients weekly.

50 "

SIZES AND PRICE.
Tucks, pockets, and pencil,

75

100

50

100

'2 vols,
I
Jan. to June.

\ July to Dec.

$1 00
1 25
1 50
2 00

2 50

3 00, n ^ f Jan to June. 1
^2^°^'-

\ July to Dec. | ^

Also, AN INTERLEAVED EDITION,
for the use of Covntry Plnisiciavs and others who compound their own Prescriptions,

or furnish Medicines to their patients. The additional pages can also be used for Special

Mnnoranda, recording important cases, &c., &c.

For 25 Patients weekly, interleaved, tucks, pockets etc.,

60 " " " <. u ' u ...
50 2 vols

jJ^n.toJune.X
\ July to Dec. J

$1 50
1 75

3 00

This Visiting List has now been published for Twenty Years, and has
met with such uniform and hearty approval from the Profession, that the

demand for it has steadily increased from year to year.

The Publishers, in order to still further extend its circulation and useful-

ness, and to keep up the reputation which it has so long retained, of being

THE CHEAPEST AND BEST,
as well as the Oldest Yisiting List published, have now made a very
considerable reduction in the j^rice.

It can be procured from the principal booksellers in any of the large

cities of the United States and Canada, or copies will be forwarded by mail,

free of postage, by the Publishers, upon receipt by titni cf Ihe retail price

as annexed.

In ordering the work from other booksellers, order

TAndsay & Blakiston's Physician's Visiting List,

And in all cases, whether ordering from the Publishers or otherwise,

pecify the size, style, &c., wanted.

LINDSAY & BLAKISTON, Publishers,
25 South Sixth St., Philadelphia.



LINDSAY & BLAKISTON'S PUBLICATIONS.
for Sale by Boolmellers in the principnl Cities of the Union, or sent by mailf free of

postnye, njton receipt of the retail price.

A-Itken's Science and Practice of Med-
icine, from the fifth London edition,

with American additions equal to 500
pages of the Lond. edit., 2 vols, 8vo. $12.00

Allhaus's Medical Electricity. New
Edition 5.00

Acton n the Reproductive Organs . 3.00

AiiBtie on Stimulants and Narcotics . 3.00

Byford on Diseases of Women . . . 5.00

Biddlg's Materia Medica. Third edition. 4.00

Branfiton's Practical Receipts . . . 1.50

Beala's How to Worl< the ISIicroscope . 7.50
" Microscope in Practical Medicine 7.00

Beale on the Kidneys, Urine, &c. 400111. 10 00

Beasley's Book of Prescriptions . . 4.00
" Druggist's Receipt Book . . 3.50

Barth & Roger's Auscultation . . . 1.25

Birch on Constipation. Tliird edition 1.00

Boucbardat's Annual of Tlierapeutics,&c.l.50

Bull's ISIaternal Management of Children 1.25

Braithwaile's Epitome, 2 vols. . . . 10.00

Beale's Protoplasm, 2d edition, plates, 3.00
" On Disease Germs, do. 1.75

Ilodge on Foeticide. Paper 30 cts. ; cloth, 60
Chambers' Lectures. Renewal of Life 5.00

Chew on Medical Education . . . 1.00

Cohen's Therapeutics of Inhalation . 2.50

Cazkaux's Obstetrical Text-Book, the

Fifth American edition, very much
enlarged. 175 Illustrations . . . 6.50

Cleaveland's Pronouncing Medical Lex-

icon. Eleventh edition .... 1.25

Carson's History Medical Department
Univprsity of Pennsylvania . . . 2.00

Goflf's Physician's Day-Book,Ledger,&c. 12.00

Dixon on Diseases of the Eye, new ed. 2.60

Kirkes Manual of Physiology, 7th Lon.ed. 5.00

Li'iig's Guide to the Examination of Urine, 76

Durkee on Gonorrhoea and Syphilis,Fifth

edition, revised and improved . . 5.00

Fuller on Rheumatism. Anew edition.

Garratt on Medical Batteries . . . 2.00

Graves' Clinical Medicine. New ed. . 6.00

Greenhow on Chronic Bronchitis . . 2.00

Gross' American Medical Biography . 3.50

Headland on the Action of INledicine . 3.00

Heath's Diseases and Injuries of the Jaws 6.00

Hewitt on the Diseases of Women . . 5.00

Hilles' Pocket Anatomist .... 1.00

Holmes' Surgical Diseases of Children 9.00

Hufeland's Art of Prolonging Life . . 1.25

Hillier's Diseases of Children . . . 3.00

Mackenzie on the Laryngoscope, Rhino-

scopy, and Diseases of the Throat . 3.00

Morris on Scarlet Fever 1.50

Meios' & Pepper's Treatise on Diseases

of Children. Fourth edition, rewritten

and very mucli enlarged .... 6.00

iMaxscn's Practice of Medicine . . 4.00

Mendenhall's ^Medical Student's Vade
Mecum. Eighth edition .... 2.50

rennsylvania Hospital Reports. Vols.

1 and 2, each 4.00

Paget' s Lectures on Surgical Pathology 6.00

f'ereira's Physician's Prescription Book 1.25

Physician's Visiting List. Various sizes

Prince's Orthopedic Surgery . . , $3.00
Prince's Plastic Surgery. Illustrated 1.60
Renouard's History of Sledicine . . 4.00
Radclifl'e on Epilep.sy, Pain, Paralysis, &c. 2.00
Lawson's Complete Text-Book of Dis-

eases and Injuries of the Eye . . 2.60
Ruppaner on Laryngoscopy, &c. . . 2 00
Ryan's Philostophy of Marriage . . 1.00

Reese's Analysis of Physiology . . . 1.60
Reese's American Medical Formulary 1.60
Sydenham Society's Biennial Retrospect 2.0C

Stint's Epidenuc Meningitis . . . 2.00

Sansom on Chloroform, its Action, Modes
of Administration, &c., etc. . . . 2.00

Stokes on Diseases of the Heart . . 3 00
Spratt's Obstetric Tables. 4to. col'd PI. 8.00

Skoda on Auscultation and Percussion 1 50
Sydenham Society's Pub. Per year, 10.00

Tyson's Cell Doctrine. Illustrated. . 2.00

Tanner's Practice of Medicine, 5th ed. 6.00

Tanner on Diseases of Children . .

Tanner's Index of Diseases . . . 8.00

Tanner's Memoranda of Poisons . . .60

Trousseau's Clinical ]\Iedicine. Vols.

1, 2, and 3, each 5.00

Thompson on Pulmonary Consumption 1.25

Tilt's Elements of Female Hygiene . 1.50

Taylor's jNIovement Cure .... 1.50

Virchow's Cellular Pathology . . . 6.00
Soelberg Wells on the Eye. 2d London

Edition, with Illustrations . . . 6.50

Walker on Intermarriage .... 1.60

Wyt lie's Pocket Dose and Symptom
Book. Eighth edition 1.00

Waring's Practical Therapeutics . . 6.00

Walton's Operative Ophthalmic Surgery 4.00

Watson s Practice, Abridged . . . 2.00

Wright on Head-Aches 1.26

Wells on Long, Short, and Weak Sight.

Third edition 3.00

Weber's Clinical Hand-Book of Auscul-
tation and Percussion 1.00

Harris' Dictionary of Medical Termi-
nology and Dental Surgery . . . 6.50

Harris' Principles and Practice of

Dental Surgery. Tenth edition . 6.00

Bond's Dental Medicine 3.00

Robertson on Extracting Teeth . . . 1.60

Taft's Operative Dentistry .... 4.60

Fox on the Human Teeth .... 4.00

Richardson's Mechanical Dentistry . 4.50

Handy's Text-Book of Anatomy . . 4.00

Coles on Deformities of the Mouth. 2d
Edition. Colored Illustrations . 2.50

Tomes' System of Dental Surgery . 4.50

SCIENTIFIC.
Cooley's Toilet and Cosmetic Arts . . 3.00

Ott on the Manufacture of Soap and
Candles 2.50

Piesse on Perfumery. A new edition 3.00

Overman's Mineralogy, Assaying, and
Mining 1.25

Piggott on Copper Mining .... 1.50

Morfit's Chemical Manipulations . . 6.00

Campbell's Agriculture 1-60

Darlington's Flora Cestrica .... 2.26

Miller & Lizars on Alcohol and Tobacco 1.00and prices. See Catalogue.

CLASSIFIED AND DESCRIPTIVE CATALOGUES OP MEDICAL BOOKS, WITH THE PB10E3
ANNEXED, SENT FREE BY MAIL UPON APPLICATION.
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WQRKS BY DR. LIONEL S. BEALE, F.R.S.,
Fellow of the Royal College of Phyrtidans, Physician to King'^ College Hospital.

Seventh Thousand. Four Hundred Illustratiom, some Colored.

HOW TO WORK WITH THE MICROSCOPE.
This woi'kia a complete manual of microscopical manipulation, and contain? aful

.' desciiption of many new processes of investigation, with directions for examining
' objects under the highest powers, and for taking photographs of microscopic objecis

Octavo. Cloth. Price, $7.50. ^ ' ».,

ON KIDNEY DISEASES, URINARY DEPOSITS, AND CALCULOUS
m^O'BJi^^^'.— The Third Edition. -:

Including the Symptoms. Diagnosis, and Treatment of Urinary Diseases. With full

Directions for the Chemical and Microscopical Analysis of the Urine in Health and

Disease. 70 Plates, tl 5 figures, copied from Nature. Octavo. Price, .$10.00.

THE USE OF THE MICROSCOPE IN PRACTICAL MEDICINE.
For Students and Practitioners, with full directions for examining^the various secre-

tions, &o., in the Microscope. 4ih Edition. 500 Illustrations. Octa^jb. Price, $7.00.

MEDICAL PROGRESS. IN MEMORIAM ROBERT BENTLEY TODD.
Price, 5(t cts.

LIFE, MATTER, AND MIND ; OR PROTOPLASM.
With Original Observations on Minute Structure, and numerous New Colored

Drawings. A Neir Edition, v.ery much enlttrged. Eight Plates. Price, $

DISEASE GERMS: THEIR SUPPOSED NATURE. With Colored Plates:

Au Original luvestigntion with tlic Aid of the Highest Powers yet made.

This work contains a critical examination of ,Dr. Tyndall's statements con

cerning ' Dust and Disease.' i2rao. Cloth. Price, $1.75.

DISEASE GERMS: THEIR REAL NATURE. Twenty-four Plates.

An Original Inv.stigntion. Twenty-four Plates, sixteen of which are Colored.

Including the minute pathology of contagious diseases. Price, $4.00.

Xoiv ready. Four Colored Plates.

PHYSICAL THEORIES OF LIFE: THEIR INFLUENCE UPON RE-
LIGIOUS THOUGHT. Price $2,50.

With ObservntioiKs on the Hypotheses recently advocated by Tyndall and Huxley.

ON DISEASES OF THE LIVER, AND THEIR TREATMENT.
A Second Edition, ruich enlarged, of the Author's Work on the Anatomy of the

Liver. Numerous Plates. .Preparing.

THE ARCHIVES OF MEDICINE. Part XVIL now ready. Price, $1.^0.

Contents.—^Medicine under the Romans—Action of Eyelids ini Expiration; F.

p. Donders, Utrecht—LacunsB and Canaliculi—Nerves in Mesenteric Glands; Dr.

Popper, St. Petersburg—German Criticism and British Medical Science—Homology
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